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This thesis presentation consists of published work, abstracts of
work in progress and manuscripts either submitted or about to be submitted.
It can be seen that the work embraces a number of areas and therefore
this narrative is included to draw the work together.
The early studies relate to urine flow and uterine activity, not
because either of these activities was considered the primary point
of interest, but because they were used as an end point to study neuro¬
hypophyseal action and this at the time was regarded as a good end-
point signal of brain activity. Work of this kind was characteristic
ar the end of an era in which the question of chemical transmission
within the brain was still in doubt. The techniques that were in use
then were often indirect and a long way removed from the direct question
that was being asked. It is for the same reason that studies on
5-hydroxytryptamine appear. The question had arisen in the literature
as to whether 5-hydrcxytryptamine was in fact another renal
hormone and the purpose of that work was to explore that possibility.
Some more direct experiments on chemical transmission in the brain
then follow. These include some early histochemi.ca.1 enzyme studies on
specific nuclear and cell groupings in the hypothalamus. The preoccupation
with hypothalamic physiology which arose from the previous studies
dominates the next few years of work. Now, instead of being primarily
concerned with the role of the hypothalamus in the regulation of endocrine
systems the emphasis shifts to the role of the hypothalamus in the control
of circulatory change. Interest in neurochemical problems did not
entirely wane and that work was extended by one study on the cholinesterase
enzyme histochemistry of the brain stem of the cat.
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It was at about this time that it became possible to begin the
electrophysiological studies which have constituted the major
methodology of most of the later work. Earlier electrophysiological
experiments reflect some of the technical difficulties of the day
so that more emphasis was placed on evoked potentials than unit
potentials and some excursion was made into the origin of evoked
potentials.
In the course of the work of the hypothalamic regulation of the
circulation, one problem kept surfacing. The cardiovascular changes
that we were interested in resulted from the sudden and unexpected
stimuli. This invariably produced an orientation reflex. The
question that now surfaced was how the brain organizes the orientation
reflex. The orientation reflex as a new or unexpected stimulus consists
of a turning of the head, eye and sometimes the whole body to bring the
object of interest into view. At the time when work on the orientation
reflex commenced the multiplicity of sensory pathways within the brain
was becoming obvious but the hypotheses which was being developed to
explain those sensory pathways were even then seen as naive. The
orientation reflex was a fundamental behavioural reflex, with the
overriding characteristic that it was used to identify a stimulus. Thus
the reflex should be served by a sensory system which was influenced by
all modalities but conveyed only very imprecise information about the
stimulation. For many reasons the superior colliculus seemed to be the
likely candidate for organizing such a reflex and it was for this reason
that work was started on the analysis of sensory inputs to the superior
colliculus.
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This work has now shown that the superior colliculus indeed
receives a great deal of information, much of it of proprioceptive
origin and it has also been possible to show that within the superior
colliculus a variety of sensory modalities impinge on cells that can
influence head movement. This has in turn led to an analysis of inputs
to the superior colliculus from extraocular and neck muscle afferents.
As this work progressed it became more and more obvious that a large
amount of fundamental information concerning the head movement system
was not available, and without this fundamental information, the brain
system analysis could be completely understood. This led to the
initiation of studies not only on the superior colliculus but on
the muscles of the neck, their sensory receptors, and the physiology
of the upper cervical cord and trigeminal system. Some of this work
which has occupied the last few years appears in this thesis in full,
some in draft form and some in abstract prior to writing up in full.
Of the names that appear in the publications of the last few years,
F.K. Rose is a student who completed his Ph.D. with me in 1974 and F.J.R.
Richmond is a student who will complete her Ph.D. this year.
Towards the end of the submission is a short review which was
solicited and will shortly appear in the Canadian Journal of Physiology
and Pharmacology. It is hoped that this review might provide a useful
summary of the work of the last few years.
PUBLICATIONS
Abrahams, V. C., and Pickford, M. 1953.
Simultaneous observations on urine flow and uterine activity in
the conscious bitch.
J. Physiol. 122: 56P.
Abrahams, V. C., and Pickford, M. 1954.
Simultaneous observations on the rate of urine flow and spontaneous
uterine movements in the dog, and their relationship to posterior
lobe activity.
J. Physiol. 126: 329-346.
Abrahams, V. C., and Pickford, M. 1955.
Observations on the flow of fluid through the ureter of the dog.
J. Physiol. 128: 82P.
Abrahams, V. C., Durnin, J. V. G. A., Garry, R. C., Mahadeva, K.,
Passmore, R.,.Watt, J. A., and de V. Weir, J. B. 1955.
Part I. The balance of energy.
In: M.R.C. Special Report Series 289: 1-19. (Studies on expendi¬
ture of energy and consumption of food by miners and clerks. Fife,
Scotland, 1952. Garry, R. C., Passmore, R., Warnock, G. M. , and
Durnin, J. V. G. A.).
Abrahams, V. C., and Pickford, M. 1956.
The effect of 5-hydroxytryptamine on the excretion of water in
conscious dogs.
Brit. J. Pharmacol. 11: 35-43.
Abrahams, V. C., and Pickford, M. 1956.
The effect of 5-hydroxytryptamine on
pressure of dogs; and of adrenaline,
pituitary extracts on the ureter.
Brit. J. Pharmacol. 11: 44-49.
Abrahams, V. C., and Pickford, M. 1956.
The effect of 5-hydroxytryptamine on the uterus of conscious and of
anaesthetized dogs.
Brit. J. Pharmacol. 11: 50-51.
Abrahams, V. C., and Pickford, M. 1956.
Observations on a central antagonism between adrenaline and
acetylcholine.
J. Physiol. 131: 712-718.
the ureter and on the blood
noradrenaline, and posterior
-2-
Abrahams, V. C., and Pickford, M. 1956.
The effect of anticholinesterases injected onto the supraoptic
nuclei of chloralosed dogs on the release of the oxytocic factor
of the posterior pituitary.
J. Physiol. 133: 330-333.
Abrahams, V. C., Koelle, G. B., and Smart, P. 1957.
Histochemical demonstration of cholinesterases in the hypothalamus
of the dog.
J. Physiol. 139: 137-144.
Abrahams, V. C., and Hilton, S. M. 1957.
Active muscle vasodilatation and its relation to the 'Flight and
Fight reactions' in the conscious animal.
J. Physiol. jU+O: 16-17P.
Abrahams, V. C., and Pickford, M. 1958.
The effect of distension of the uterus on the composition of urine
of conscious dogs.
J. Physiol. 141: 527-534.
Abrahams, V. C. 1958.
Venous temperature registration, and its use as an index of muscle
blood flow.
J. Physiol. 145: 20P.
Abrahams, V. C., Hilton, S. M., and Zbrozyna, A. 1959.
Active muscle vasodilatation elicited by mesencephalic stimulation.
J. Physiol. 148: 32-33P.
Abrahams, V. C., Hilton, S. M., and Malcolm. J. L. 1959.
Sensory input to hypothalamic and mesencephalic regions subserving
the defence reaction.
J, Physiol. 149: 45-46P.
Abrahams, V. C., Hilton, S. M., and Zbrozyna, A. 1960.
Reflex activation of vasodilator nerve fibres to skeletal muscle
in decerebrate and intact cats.
J. Physiol. 152: 54-55P.
Abrahams, V. C., Hilton, S. M., and Zbrozyna, A. 1960.
Active muscle vasodilatation produced by stimulation of the brain
stem: its significance in the defence reaction.
J. Physiol. 154: 491-513.
-3-
Abraharns, V. C. , Hilton, S. M. , and Malcolm, J. L. 1961.
The significance of afferent collaterals to the central grey-
matter, mid-brain tegmentum and hypothalamus in the reflex
activation of the defence reaction.
Exc. Medica., Int. Congr. Series, #37. Fifth Int. Congr. EEG
and Clin. Neurophysiol. (September 1961).
Abrahams, V. C., and Hilton, S. M. 1962.
Blocking action of decamethonium at different sites in the auto¬
nomic nervous system of the cat.
Brit. J. Pharmacol. S Chemother. 1_8: 194-203.
Abrahams, V. C., Hilton, S. M., and Malcolm, J. L. 1962.
Sensory connexions to the hypothalamus and mid-brain, and their
role in the reflex activation of the defence reaction.
J. Physiol. 164: 1-16.
Abrahams, V. C., and Edery, H. 1962.
Electrical activity in the brain stem of cats during eserine
perfusion of the cerebral ventricles.
J. Physiol. 163: IIP.
Abrahams, V. C. 1962.
Histochemical localization of cholinesterases in some brain stem
regions of the cat.
J. Physiol. 165: 55P.
Abrahams, V. C., and Langworth, E. P. 1963.
Interactions between evoked potentials and background electrical
activity in the hypothalamus of the cat.
J. Physiol. 167: 24-25P.
Abrahams, V. C., Langworth, E. P., and McDonald, M. 1962.
Interactions between evoked potentials and background electrical
activity in the brain stem of the cat. Its effect on 'computer
averaging'.
J. Physiol. 168: 12-13P.
Abrahams, V. C., and Edery, H. 1964.
Brain stem electrical activity and the release of acetylcholine.
Progr. in Brain Res. 6_: 26-36. Bargmann, W. , and Schade, J. P.,
eds. Elsevier Publishing Co., Amsterdam, 1964.
Abrahams, V. C., Hilton, S. M., and Zbrozyna, Z. 1964.
The role of active muscle vasodilatation in the alerting stage of
the defence reaction.
J. Physiol. 171: 189-202.
-4-
Abrahams, V. C., Langworth, E. P., and Theobald, G. W. 1964.
Potentials evoked in the hypothalamus and cerebral cortex by
electrical stimulation of the uterus.
Nature 203: 654-656.
Abrahams, V. C., and Langworth, E. P. 1965.
A note on the use of computer averaging in the assessment of
centrally acting drugs.
Proc. 3rd Hungarian Conf. for Therapy £ Pharm. Res., 204-209.
Williams, R. L., and Abrahams, V. C. 1965.
Patterns of circulatory change elicited by electrical stimulation
of the medulla in chloralosed cats.
Proc. Can. Fed. Biol. Soc. 8_: 21.
Abrahams, V. C., and Mcintosh, J. 1965.
Synchronous potentials evoked in widespread brain stem regions of
conscious cats by visual, auditory and cutaneous stimuli.
Proc. Can. Fed. Biol. Soc. 8_: 13.
Abrahams, V. C., and Falchetto, S. 1966.
The effect of stimulus modality and position on the discharge of
units in the superior colliculus.
Proc. Can. Fed. Biol. Soc. 9_: 47.
Abrahams, V. C. 1966.
The form of averaged evoked potentials in the chloralosed cat and
the effect of background activity.
Proc. Can. Fed. Biol. Soc. 9: 47.
Abrahams, V. C. 1966.
Some factors affecting the form of averaged evoked potentials.
J. Physiol. 185: 60-61P.
Abrahams, V. C., and Falchetto, S. 1966.
Patterns of unit response in the cat superior colliculi elicited
by non-visual stimuli.
The Physiologist 9_: 128.
Abrahams, V. C. , and Williams, R. L. 1967.
Blood flow, heart rate, and blood pressure alterations elicited
by direct electrical stimulation of lower brain stem.
J. Physiol. 189: 58-59P.
Abrahams, V. C. , and Langworth, E. P. 1967.
The contribution of background electrical activity to the form of
averaged evoked potentials in chloralose anaesthetized cats.
Exp. Neurol. 18: 253-266.
-5-
Abrahams, V. C. and Falchetto, S. 1967.
Hind leg ataxia following section of a nerve to a neck extensor
muscle.
Proc. Can. Fed. Biol. Soc., 10: 145.
Abrahams, V. C. 1968.
Cervico-lumbar spinal interactions involving a brain pathway.
Proc. Can. Fed. Biol. Soc., 11_: 74.
Abrahams, V. C., Butler, D. and Falchetto, S. 1968.
A spinal-brain-spinal reflex and hind limb ataxia of cervical
origin.
Fed. Proc. , 27_: #2.
Abrahams, V. C., Milligan, J. V. and Falchetto, S. 1968.
Determination of "significant" differences in unit discharge
patterns.
Proc. Can. Soc. Med. Biol. Eng.
Abrahams, V. C. and Falchetto, S. 1968.
Ataxia of the hind limbs of the cat following section of nerves
to a neck extensor muscle and a possible reflex substrate.
Proc. 24th Int. Congr. Physiol. Sci.
Abrahams, V. C., Butler, D. and Daynes, J. 1969.
A cortical relay site in cervico-lumbar interactions in cats.
Proc. Can. Fed. Biol. Soc., 1_2_: 55.
Abrahams, V. C., Butler, D. and Daynes, J. 1969.
Proprioceptive relays to the cerebral cortex and their significance
in intraspinal organization.
The Physiologist, 1_2_: 154.
Abrahams, V. C. 1969.
Pathways involved in potentiation of lumbo-sacral reflexes by
biventer cervicis nerve stimulation.
Proc. Can. Physiol. Soc.
Abrahams, V. C. and Falchetto, S. 1969.
Hind leg ataxia of cervical origin and cervico-lumbar spinal
interactions with a supratentorial pathway.
J. Physiol. 203: 435-447.
Abrahams, V. C. 1969.
Proprioceptive projection areas of the cerebral cortex and their
relation to cervico-lumbar spinal interactions.
J. Physiol., 204: 82-83.
-6-
Abrahams, V. C. and Teare, J. L. 1969.
Peripheral pathways and properties of uterine afferents in the
cat.
Can. J. Physiol, and Pharmacol., 47_: 576-577.
Jagannthan, T., Foote, J., Abrahams, V. C., Bruce, A. W., Hetherington, R. F.,
Lywood, D. W. and English, C. J. 1969.
A new approach to bladder evacuation: Studies in dogs.
Inv. Urol., 7_: 15-22.
Abrahams, V. C. 1969.
Intraspinal mechanisms in cortically mediated descending cervico-
lumbar reflex interactions.
Can. Physiol., 1: 37.
Abrahams, V. C. 1970.
Computers in Medical Diagnosis.
IEEE, Student J., 8_: 35-38.
Abrahams, V. C. 1970.
Cervico-lumbar reflex interactions involving a proprioceptive
receiving area of the cerebral cortex.
J. Physiol., 209: 45-56.
Abrahams, V. C. 1970.
Intraspinal excitability changes during cortically mediated descending
cervico-lumbar reflex interactions.
Fed. Proc. 29_: #824, p.391.
Abrahams, V. C. 1970.
Individual mechanisms activated in descending spino-spinal activity
in the chloralose anaesthetized cat.
J. Physiol., 210: 175-176.
Abrahams, V. C. 1971.
Spino-spinal mechanisms in the chloralose anaesthetized cat.
J. Physiol., 215: 755-768.
Abrahams, V. C. 1971.
Some effects on vestibulo-spinal outflow at lumbosacral levels from
neck muscle afferents.
J. Physiol., 215: 49-50.
Rose, P. K. and Abrahams, V. C. 1972.
Some characteristics of the neck muscle proprioceptive input to the
superior colliculus of the cat.
Can. Fed. Biol. Soc., 15: #732.
-7-
Abrahams, V. C. 1972.
Site of fixation in the spinal cord of the cat.
Can. Fed. Biol. Soc., 1_5: #693.
Abrahams, V. C. and Rose, P. K. 1972.
Proprioceptive connections to the superior colliculi of the cat.
Fed. Proc., 31: 383, #929.
Abrahams, V. C. 1972.
Neck muscle proprioceptors and a role of the cerebral cortex in
postural reflexes in subprimates.
Rev. Can. Biol., 31_: suppl., 115-130.
Abrahams, V. C. 1972.
Neck muscle proprioceptives and vestibulospinal outflow at
lumbosacral levels.
Can. J. Physiol, and Pharmacol., 50_: 17-21.
Abrahams, V. C. and Daynes, J. 1972.
Fixation of inhibition of a spinal reflex by electrical stimulation
of the medulla.'
Soc. Neurosc., 2nd Ann. Meeting, p. 204.
Abrahams, V. C. and Rancier, F. 1973.
ATPase distribution in dorsal neck muscles of the cat.
Can. J. Physiol, and Pharmacol. 51_: 549-552.
Rose, P. K. and Abrahams, V. C. 1973.
An electrophysiological demonstration of extraocular muscle receptor
projections to the superior colliclus in the cat.
Can. Physiol., 4: 47.
Rose, P. K. and Abrahams, V. C. 1973.
Extraocular muscle proprioceptive projections to the superior
colliculus in the cat.
Fed. Proc. 32_: 340, #698.
Abrahams, V. C. and Rose, P. K. 1973.
Afferent connections of cells in the superior colliculus of the
cat giving rise to the tectospinal tract.
Soc. Neurosc., 3rd Ann. Meeting, p. 336.
Abrahams, V. C. 1974.
On the induction of prolonged change in the functional state of
the spinal cord.
Advances in Neurology, Vol. 4, Pain. Raven Press, New York, pp. 243-251.
-8-
Abrahams, V. C., Rancier, F., and Rose P. K. 1974.
Neck muscle and extraocular receptors and their relationship
to the tectospinal tract.
Advances in Behavioural Biology, 7: 191. Plenum Publishing
Corporation.
Richmond, F. J. and Abrahams, V. C. 1974.
Muscle spindles in the dorsal neck muscles of the cat.
Can. Physiol. 4_: 204.
Rose, P. K. and Abrahams, V. C. 1974.
Afferent connections to systems descending to neck motoneurons.
Can. Physiol. _4: 205,
Abrahams, V. C., Richmond, F. J. and Rose, P. K. 1974.
Proprioceptive and retinal afferent connections to the superior
colliculus of the cat and their connections to the tectospinal
tract.
J. Physiol. 244: 101.
Abrahams, V. C., Richmond, F. J. and Rose, P. K. 1974.
Basic physiology of the head-eye movement system.
Wenner-Gren Symposium Series: Basic Mechanisms of Ocular Motility
and Their Clinical Implications. Eds. G. Lennerstrand and P. Bach-y-rita.
Pergamon Press, Oxford, 1975.
Richmond, F. J. and Abrahams, V. C. 1974.
Enzyme distribution in extrafusal fibres of cat dorsal neck muscles.
Fed. Proc., 33: 103.
Abrahams, V. C. and Rose, P. K. 1974.
Fore and hind-limb muscle afferent projections to the superior
colliculus of the cat.
J. Physiol. 244: 45.
Abrahams, V. C. and Rose, P. K. 1974.
Medullary projections of Gp I and II afferents from neck muscle
in the cat.
Soc. Neurosc., 4th Ann. Meeting, p. 111.
Abrahams, V. C. and Rose, P. K. 1975.
Projections of extraocular, neck muscle, and retinal afferents to
superior colliculus in the cat: their connections to the cells of
origin of the tectospinal tract.
J. Neurophysiol. 38: 10-18.
-9-
Abrahams, V. C. and Rose, P. K. 1975.
The spinal course and distribution of fore and hind-limb muscle
afferent projections to the superior colliculus of the cat.
J. Physiol. 247: 117-130.
Abrahams, V. C. and Rose, P. K. 1975.
The effect of passive eye movement on unit discharge in the superior
colliculus of the cat.
Brain Research, 974 95-105.
Abrahams, V. C. and Rose, P. K. 1975.
Velocity and displacement characteristics of passive eye movements
which initiate unit discharge in the superior colliculus.
J. Physiol. 246: 101.
Abrahams, V. C., Richmond, F. J. and Rose. P. K. 1975.
Absence of monosynaptic reflex in dorsal neck muscles of the cat.
Brain Research 92: 130-131.
Rose, P. K. and Abrahams, V. C. 1975.
Spinal and medullary projections of afferents from dorsal neck
muscles.
Can. Physiol. 6: 50.
Richmond, F. J. and Abrahams, V. C. 1975.
Muscle spindle complexes in the dorsal muscles of the cat neck.
Can. Physiol. 6: 48.
Richmond, F. J. and Abrahams, V. C. 1975.
The distribution and morphology of muscle spindles in dorsal neck
muscles of the cat.
Fed. Proc., 34: 388.
Richmond, F. J. and Abrahams, V. C. 1975.
Morphology and Enzyme Histochemistry of dorsal muscles of the cat neck.
J. Neurophysiol. , 38_: 1312-1321.
Richmond, F. J. and Abrahams, V. C. 1975.
Morphology and distribution of muscle spindles in dorsal muscles of
the cat neck.
J. Neurophysiol., 38: 1322-1339.
Rose, P. K. and Abrahams, V. C. 1975.
Unit response in the superior colliculus and its relationship to
activation of receptors in extraocular muscle.
Proc. Fed. Biol. Soc., 18: 147.
-10-
Abrahams, V. C. 1975. •
Proprioceptive projections to the spinal nucleus of the Vth nerve
in the cat.
Proceedings of First World Congress of the International Association
for the Study of Pain.
Abrahams, V. C. and Richmond, F. J. 1975.
The organization of muscle afferent and cutaneous input to the
upper cervical cord in the cat.
5th Annual Meeting, Society for Neuroscience, Neuroscience Abstract 1_,
#248, p. 160.
Richmond, F. J. and Abrahams, V. C. 1976.
Physiological properties of dorsal muscles of the cat neck.
Fed. Proc., 3_5: 291.
Abrahams, V. C. and Rose, P. K. 1976.
Tectospinal and tectoreticular cells their distribution and afferent
connections.
Fed. Proc., 35: 484.
Abrahams, V. C., Anstee, G. and Richmond, F. J. 1976.
Further studies on the organization of the upper cervical cord.
Proc. Can. Fed. Biol. Soc., 19th Ann. Meeting, 1976.
Richmond, F. J. and Abrahams, V. C. 1976.
Physiological properties of dorsal muscles of the cat neck.
Can. Physiol., 7: 50.
Anstee, G. C. B., Richmond, F. J. and Abrahams, V. C. 1976.
Sensory and motor fibre spectra of neck muscle nerves in the cat.
Can. Physiol., 7: 16.
Richmond, F. J., Anstee, G. B. C., Sherwin, L., and Abrahams, V. C. 1976.
Motor and sensory fibres of neck muscle nerves in the cat.
Can. J. Physiol, and Pharmacol., 54: 294-304.
Abrahams, V. C., Richmond, F. J. and Rose, P. K. 1977.
Spinal and medullary projections from neck muscle afferents in the cat.
J. Neurophysiol. - manuscript for submission.
Abrahams, V. C. 1977.
The motor system of the head. A short review.
In press.
Rose, P. K. and Abrahams, V. C. 1977.
Tectospinal and tectoreticular cells. A comparison of their distribution
within the superior colliculus and their afferent connections.
J. Neurophysiol., - manuscript for submission.
[From the Proceedings of the Physiological Society, 24-25 July 195-3.]
Journal Physiology, Vol. 122. , 56P.
Simultaneous observations on urine flow and uterine activity in
the conscious bitch. By Y. C. Abrahams and Mary Pickford.
Department of Physiology, The University, Edinburgh
Our aim was to discover whether the oxytocic and vasopressor factors of the
posterior lobe of the pituitary were simultaneously released from the gland
under various physiological conditions which would appear, functionally, to
require only the release of one of them. Harris (1947) has shown that electrical
stimulation of the hypothalamus in the conscious rabbit causes the release
of both factors. Verney (1947) has shown that, amongst other things, a small
increase in the tonicity of the blood passing to the central nervous system, and
emotion, cause antidiuresis. Our observations were made on ovariectomized
bitches in which one carotid had been exteriorized, and in which the upper end
of one uterine horn had been brought out to the flank. Activity of the uterus
was recorded by inserting in it a balloon filled with normal saline at a pressure
of about 30 mm Hg.
It was found that emotional stimuli, and also intracarotid or intravenous
injections of concentrated NaCl solution, caused not only an inhibition of water
diuresis, but a simultaneous and coterminous increase in uterine activity. The
antidiuretic effect could be matched by the intravenous injection of, for
example, 3 mU Pitressin, but an equivalent increase in uterine activity needed
80-100 mU Pitocin. The simultaneous injection of 3 mU Pitressin and 5 mU
Pitocin did not increase uterine activity observably more than 5 mU Pitocin
alone. One bitch was subjected at operation to section of the supraoptico¬
hypophysial tracts. The day before operation the uterus showed its usual
activity. The day after operation the activity was greatly reduced, and during
the remaining days of the preliminary polyuria it showed scarcely any
spontaneous contractions, though it responded to an intravenous injection of
Pitocin. During the normal interphase the uterus showed almost normal
contractions. With the onset of the permanent polyuria it again became
quiescent. For a time after operation both oral and intravascular NaCl
induced uterine contractions, without altering the rate of urine flow.
So far, it appears that in the bitch, the oxytocic and vasopressor factors of
the posterior lobe of the pituitary are released simultaneously from the gland,
and that the effect produced depends on the sensitivity of the peripheral organ.
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SIMULTANEOUS OBSERVATIONS ON THE RATE OF URINE
FLOW AND SPONTANEOUS UTERINE MOVEMENTS IN THE
DOG, AND THEIR RELATIONSHIP TO POSTERIOR
LOBE ACTIVITY
By V. C. ABRAHAMS and MARY PICKFORD
From the Physiology Department, University of Edinburgh
(Received 17 May 1954)
For some 20 years there lias been controversy regarding the active principles
of the posterior lobe of the pituitary, whether the naturally released substance
has multiple actions or whether there are two or more distinct hormones
(Abel & Nagayama, 1920; Kamm, Aldrich, Grote, Rowe & Bugbee, 1928;
Rosenfeld, 1940; van Dyke, Chow, Greep & Rothen, 1942; Zetler, 1953).
Whatever the final decision, account must be taken of the considerable body
of work showing the pituitary substance(s) as secreted has multiple simul¬
taneous actions, though the relative intensities of the different effects vary.
Haterius & Ferguson (1938) and Haterius (1940), using rabbits, and Ferguson
(1941), using cats and rabbits, showed that electrical stimulation of the
pituitary stalk or its immediate neighbourhood caused increased uterine
activity and antidiuresis. However, these workers did not make simultaneous
observations on the two organs and their animals were anaesthetized. By
means of remote-control stimulation Harris (1947) was the first to make
observations on conscious animals (rabbits) and to note that when the
supraoptico-hypophysial tract or the neurophypophysis was stimulated, both
inhibition of diuresis and increased uterine activity occurred at the same time.
This important work established that electrical stimulation at a given site
induced simultaneous activity in different organs sensitive to different fractions
of the product of the pars nervosa. Stimuli of a more physiological nature
have led to the same conclusion. For instance, it has been shown that suckling,
which involves liberation of the oxytocic fraction, also causes antidiuresis in
rabbits, dogs, cows and the human species (Peeters, Coussens, Bouckaert &
Oyaert, 1949; Peeters & Coussens, 1950; Cross, 1951; Kalliala & Karvonen,
1951; Kalliala, Karvonen & Leppanen, 1952). Since the antidiuretic action
of the oxytocic fraction itself is very low this means that there must have been
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a simultaneous release of tlie pressor fraction with which the antidiuretic
hormone is closely linked.
This paper records the results of experiments on conscious animals made to
determine whether procedures known to'cause antidiuresis by liberation of the
antidiuretic hormone (vasopressin) would at the same time increase uterine
activity by the liberation of oxytocin.
METHODS
The experiments were made on five hitches in which the rate of urine flow and uterine activity
were simultaneously observed. The urine was collected by means of a catheter inserted through
the urethra into the bladder at the time of observation. All animals were given a hydrating dose
of water at least 2£ hr before observation, which was always made during the course of water
diuresis, unless the contrary is stated. Water diuresis was induced by giving 250-100 ml. water by
stomach tube, the volume given depending on the size of the dog.
Operations. In all animals the perineum was slit dorsally to make the urethra easily accessible.
Owing to its pelvic anatomy it is not possible in the bitch, as in the rabbit, to fistulate the
vagina and insert recording apparatus into the uterus through the cervix. Therefore, in five dogs
the upper end of one uterine horn was divided and the top of the distal stump brought through
the antero-lateral abdominal wall and stitched to the skin. Healing was rapid and providing the
fistula was used frequently, little difficulty was found in inserting the balloon at will. Once or
twice subcutaneous false passages appeared, and twice, due to contraction of the ring of fibrous
tissue at the orifice, it was necessary to make a small incision under local anaesthesia to enlarge
the opening.
Three of the dogs, Angela, Topsy and Lady, were ovarieetomized at the time of fistulation of
the uterus; of the other two, Darkie was ovariectomized only after a number of observations had
been made on her, and Colleen was observed with ovaries intact. Because of uncertainty whether
after ovariectomy the uteri woidd develop spontaneous activity without oestrogen administra¬
tion, two 2 mg tablets of stilboestrol were implanted subcutaneously in Angela and Topsy when
ovariectomy was performed. The tablets were of the variety used for oral administration and were
absorbed in less than 5 days. Lady was given a total of 5 mg stilboestrol in oil subcutaneously
in divided doses from the second to the tenth postoperative days. Finding that spontaneous
activity persisted without further treatment Darkie received no stilboestrol. The uterus became
active just as in the other animals.
Angela, Lady and Topsy were provided with left-sided carotid loop3 in which the sinus was
denervated.
Operations for section of the supraoptico-hypophysial tracts were performed transorally.
Recording of uterine contractions. A short piece of steel wire with a knob at one end was bound
to the end of fine polythene tubing so that it projected for about an inch. A small rubber balloon
was slipped over the wire and, in turn, bound to the tube. Tubing and balloon were filled with
0-9 % KaCl solution, inserted into the uterine horn and joined to the mercury manometer designed
by Condon (1953) for recording rat blood pressure. The pressure in the manometer was raised to
between 25 and 30 mm Hg. Providing the rubber joints were reduced to a minimum the record of
uterine contractions showed a pressure change of 2 cm Hg for a change in volume of the system of
0-1 ml.
MisceUaneous. The animals were each given the same daily volume ofmilk and gravy. Additional
fluid taken voluntarily in the form of water was used as a measure of the presence or otherwise of
polyuria. This method of assessing the degree of polyuria was used rather than putting the animal
in a metabolism cage, first because the animal with diabetes insipidus drinks so much more water
than when it is normal that any error is insignificant unless one is interested in diabetes insipidus
per se, and secondly, because a metabolism cage involves long periods of restricted activity with
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no possibility of exercise unless someone is available to catheterize the animal before it is allowed
free.
After death serial sections of hypothalamus and pituitary were cut at 10/r and five sections put
on each slide. The slides were then stained in rotation with (a) toluidine blue, (b) protargol or
Roger's AgJJ03 stain, (c) combined chrome-alum-haematoxylin and phloxin to show Gomori
substance. Some sections of the anterior lobe were stained with Sehiff's reagent or with Mallory's
trichrome stain. Sections of uteri and kidneys were stained with liaematoxylin and eosin, and
suprarenals with Sudan IV and Sudan black B for total lipids.
The preparations of posterior lobe extract used were the 'Pituitrin' (whole extract), 'Pitressin'
(vasopressor fraction) and ' Pitocin' (oxytocic fraction) of Parke Davis and Co.
RESULTS
It is probably as well to describe at once the condition of the uteri as found at
post-mortem. So far only Lady, Darkie, Colleen and Topsy have been killed.
Histological examination showed 110 sign of infection. The exteriorized horns
looked bigger and had slightly thicker mucous and muscular coats than the
other horns. This is probably owing to the distension suffered by repeated
insertion of the balloons. In Darkie the surface epithelium on the side of the
fistula was absent in places, and there were a few red blood cells in the lumen.
In all other respects the uteri had the appearance to be expected after
ovariectomy.
Fig. 1. Topsy, 5 Feb. 1954. Spontaneous contractions of uterus, J actual size.
Ovariectomized 19 Jan. 1954. Time in 1 min.
General observations
After inserting the balloon in the uterus the raised pressure in the manometer
always fell slowly, presumably due to a decrease in tone of the uterine muscle.
A steady base-line was reached in 25-35 min. Superimposed on the base-line,
whether falling or steady, were the individual contractions. They might be
large, 30-40 mm, or small, 3-4 mm. Large to moderate-sized contractions
were the more common. Except in Lady once, and in Angela (Fig. 5), for a
few days, each contraction was of short duration and was not a maintained
alteration in tone (Fig. 1). The type of spontaneous contraction and its size
could not be correlated with any known factors. However, under standard
conditions of hydration, recumbency and lack of stimulation, contractions
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were of regular pattern on any one day. Thus any change in uterine activity
was measured with reference to the pattern on that particular day. In all
animals on occasion, but by no means regularly, following insertion and
distension of the balloon uterine contractions were fairly large for 10-15 min
and then settled to a smaller size.
In all instances this spontaneous activity developed within 3-6 days of
ovariectomy and persisted without any oestrogen treatment save that given
at the time of operation. In Lady and Topsy contractions were present for
43 days when the animals were subjected to operation for section of the
supraoptico-hypophysial tracts, and in Angela for 50 days when she fell ill
of an undiagnosed complaint and lost weight rapidly. She was treated with
sulphathiazole tablets and injections of penicillin and made a complete
recovery in 3 weeks, except that the uterine contractions were small. Despite
courses of treatment with stilboestrol the contractions did not increase in size,
and she was no longer used for this series of experiments. In Darkie the uterus
was active from the fifth day after ovariectomy until the twelfth when she was
subjected to supraoptico-hypophysial tract section. The behaviour of the
uterus after operations on the hypothalamus will be described later.
Effect ofgiving fluids by mouth
Giving fluid by mouth had no constant observable effect on size or frequency
of uterine contractions (fifty observations). 'The few occasions when a change
in activity was seen can, on the whole, be reasonably explained. For instance,
infrequently, immediately after giving water there was increased rate of con¬
traction for 15-20 min, which can be attributed to a reflex arising from passage
of the stomach tube and rapid distension of the stomach with water. Then, in
Lady on two consecutive days, but in none of the other animals, giving water
resulted in increased size of contraction for the next 2 hr. On the third day
the administration of the same volume of 0-9 % NaCl solution had the same
effect, so that the reponse was not specific for water. These responses of Lady
were isolated and no explanation for them was apparent.
Effect of intravascular injections of NaCl
Between them Angela, Lady and Topsy received eleven intracarotid in¬
jections of l-7M-NaCl during the course of water diuresis. The volume in¬
jected varied from 1*2 to 11 ml., and the time taken to make the injection
from 7 to 60 sec. In every instance there followed the inhibition of urine flow
and later recovery as described by Verney (1947) and shown by him to be
mediated by the pars nervosa. In every instance, too, during urinary inhibition,
and contemporaneous in onset and disappearance with it, there was an increase
in size or frequency, or both, of uterine contraction. Fig. 2 shows that in Lady
the inhibition of urine flow resulting from intracarotid injection of 2-4 ml.
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1-7 M-NaCl was marked and was accompanied by an increase in frequency of
uterine contraction. Urine flow and uterine contractions sliowed a parallel
return to pre-injection levels. Pigs. 3 and 4 record what happened in Angela
Time (min)
Tig. 2. Effect of intracarotid injection of MaCl on urine flow and uterine motility. Lady, 23 Apr.
1953. Upper record, urine flow. Lower record, frequency of uterine contraction. At zero
time 350 ml. water by mouth. At A, 2-4 ml. l-7at-NaCl solution by intracarotid injection in
5 sec. At B, 5 xnU Pitressin intravenously. At C, 5 mU Pitocin intravenously.
Time (min)
Fig. 3. Effect of intracarotid and intravenous NaCl on frequency, duration and size of uterine
contraction. Angela, 10 Apr. 1953. Ovariectomized 24 Feb. 1953. At A, 4 ml. T7 M-NaCl
by intracarotid injection in 40 sec. At B, 4 ml. l-7ji-NaCl intravenously in 40 sec. See also
Fig. 4.
on a day when she showed prolonged tonic contractions of the uterus, and
Fig. 5 on another day when the contractions were short-lasting. Topsy's uterus
reacted in the same way as that of Angela and Lady to intracarotid injection
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of 1-2 ml. l-7M-NaCl 011 a day when she had not been hydrated nor given
water at the time of observation. The urine flow rate was initially low, 0-7 ml./
min, nevertheless it decreased to 0-2 ml./min.
i i i i i i i i i i i i • i i i i i i i i
Time (min)
Fig. 4. Tracings from record of uterine contractions before and after intracarotid injection of
4 ml. l-7M-XaCl. Angela, 10 Apr. 1953. (a) and (5) before injection, (c), (d), (e), and (/)
20 min, 55 min, 80 min and 100 min after injection respectively. All tracings -J actual size.
See also Fig. 3.
i—i i i i i i i i i i i i i i i i i r
Time (min)
Fig. 5. Tracings from record of uterine contractions before and after intracarotid injection o
4 ml. l-7M-XaCl in 35 sec. Angela, 13 Mar. 1953. (a) Before injection; (6) 40 min after
injection. Tracings -} actual size.
Amounts of l-7M-NaCl effective by intracarotid injection had no effect on
either urine flow or uterine activity when given intravenously. This is shown in
Angela in Fig. 3, B. If, however, enough 1-7 M-NaCl was given intravenously
to cause antidiuresis (15-20 ml.), then also there was an increase in uterine
motility. Sometimes, after either intravenous or intracarotid injection of NaCI
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solutions, uterine contractions did not return completely to the pre-injection
condition. This, however, occurred on those occasions when the urine flow also
made only a partial recovery from inhibition for the reason that almost all
the water given had by that time been excreted. Tig. 7 shows this in Lady
after she had received an injection of posterior lobe extracts. It is probable,
therefore, that at this late time in the observation the animal's own posterior
lobe was excreting more actively than just before the injection was given.
Effect of intravenous injections of sucrose
Verney (1947) has shown that both intra-arterial and intravenous injections
of hypertonic sucrose solution result in antidiuresis due to release of
vasopressin.
Two observations only were made on Topsy. In one 23 ml. 0-8M-sucrose
was injected in 14 min and was without effect on the rate of urine flow, whilst
the rate of uterine contractions was reduced from 4 to 3 in 5 min for 25 min.
On the other occasion 10 ml l-35M-sucrose was injected in 6 min and caused
both an inhibition of urine flow and increased uterine activity which began and
ended together.
Effect of acetylcholine
This was tested in Topsy and in four dogs used in another series of experi¬
ments. As this work will be fully reported in another paper, it will only be
stated here that on intracarotid injection of 200 pg acetylcholine there followed
contemporaneously with inhibition and recovery of urine flow (Picbford &
Watt, 1951) an increase and then decrease in frequency of uterine contraction.
Effect of emotional stimuli
Following a series of intracarotid injections of acetylcholine and other
solutions Angela developed a dislike of the procedure. This first became
apparent on one occasion when there was some difficulty with the injection
which was finally not made. Nevertheless, antidiuresis resulted. (Control
observations made by Verney (1947) and by us have shown that normally
intracarotid injections do not of themselves cause antidiuresis.) This seemed
an opportunity to test whether an emotional type of stimulus also caused an
increase in uterine activity. The stimulus used was to boil the syringe in sight
of the dog and make mock preparations for injection by holding the carotid
loop, though the skin was not even pricked. This manoeuvre was performed
on two occasions and was followed by urinary inhibition and increased uterine
activity (Fig. 6). In Topsy the emotional stimulus applied was that used by
Verney, namely, a just resented faradic stimulation of the lumbar muscles.
Here, too, the resulting urinary inhibition was accompanied by a marked
increase in size and frequency of uterine contraction, the time relationships
of the urinary and uterine responses being similar.
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Eig. 6. Effect of emotion on urine flow and uterine motility, Angela, 16 Apr. 1953. Upper
record, urine flow. Lower record, frequency of uterine contraction. At zero time 300 ml.
water by mouth. During period A preparations were made for an intracarotid injection which
was not given.
Attempted assay of the amount of active substances released
In Fig. 2 it can be seen tliat 5 rnU Pitressin injected intravenously at B was
just more than enough to match the inhibition of urine flow induced by the
intracarotid injection of l-7M-NaCl given at A. The effect of Pitressin on the
uterus though definite, was short-lived and not as great as that due to in¬
jection of hypertonic NaCl solution. At C (Fig. 2) 5 mU Pitocin was injected
intravenously. This caused a transitory delay in recovery of the urine flow and
again only a brief increase in frequency of uterine contraction. It was possible
that full uterine activity required the presence of both posterior lobe factors,
though there is evidence that the opposite is the case in the rabbit when large
doses of pituitary extracts are used (Morgan, 1937; Harris, 1917, 1948), but
5 mU Pituitrin had no greater effect than the same amount of Pitocin. A
mixture of 5 mU each of Pitocin and Pitressin was no more successful in
matching the action of injected hypertonic NaCl solution. It was found that
in Lady (15 kg) and Angela (15 kg) the effect of intracarotid hypertonic NaCl
solution was equated by intravenous administration of < 5 mU Pitressin and
80-100 mU Pitocin, and in Topsy (7 kg) by <5 mU Pitressin and 50-70 mU
Pitocin. Fig. 7 shows the effect of 100 mU Pitocin on Lady. Since commercially
prepared Pitocin is contaminated with about 5 % pressor fraction some anti-
diuresis was to be expected.
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Observations on the anoestrous animal
As might be expected, in the anoestrous bitch the uterus showed little
spontaneous activity. On some days no response at all could be elicited to any
stimulus tried. On other days, however, a little spontaneous activity was
present, and at such times an intravenous injection of 80-100 mU Pitocin
increased the frequency of contraction, as did also 15 ml. l*7M-NaCl given
intravenously, that is, the uteri of Darkie and Colleen showed exactly the same
response to these stimuli as did those of the ovariectomized animals, though on
a minute scale (contraction height 1-2 mm). The urinary responses were alike
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Fig. 7. Effect of intravenous Pitocin on urine flow and uterine motility. Lady, 12 May 1953.
Upper record, urine flow. Lower record, frequency of uterine contraction. At zero time
350 ml. water by mouth. At A, 100 mU Pitocin intravenously.
RESPONSES OP ANIMALS AFTER OPERATIONS ON THE HYPOTHALAMUS
In Lady, the supraoptico-hypophysial tracts were successfully sectioned so
that she showed marked polydipsia (Fig. 8). At post-mortem examination
the posterior lobe was atrophied. In the hypothalamus there were hardly any
supraoptic or paraventricular cells'on the right side and a considerable reduc¬
tion in their number on the left. Of the cells remaining most were empty of
Nissl granules, though nucleus and nucleolus were well-defined and eccentric.
In sections stained to show Gomori substance all cells seen were loaded with
darkly staining material. Short fragments of axons in the sections were also
deeply stained in a beaded manner similar to that described by Bargmann
(1949) and Bargmann & Hild (1949). Topsy had two operations. In the first
the lesion was too anterior and postoperative polydipsia was small and fleeting
(1000 and 700 ml. on the 2 days immediately following operation). The second
operation 4 weeks later was more successful and gave rise to moderate poly¬
dipsia (Fig. 8). At autopsy the posterior lobe was seen to be shrunken and
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highly cellular. In the hypothalamus there were scarcely any supraoptic or
paraventricular cells on the left and on the right few paraventricular but a
moderate number of the rostral supraoptic cells. The median eminence was
much thinner than normal. In Darkie, the lesion was in the mid- and posterior
hypothalamus and, functionally, she had what may be termed a latent
diabetes insipidus following a fairly long interphrase (Fig. 8). Histological
examination showed a somewhat shrunken posterior lobe and a considerable
reduction in the number of both supraoptic and paraventricular cells. Fig. 8
shows the water intake of these three animals so that the behaviour of the
Time (days)
Fig. 8. Record of water intake of three dogs following lesions made in the hypothalamus at
operation. A shows pre-operative range of water intake. II, day of operation. O—O, Lady
(15 kg); —, Darkie (13-5 kg); 0—0, Topsy (7 kg).
Spontaneous uterine activity
Fig. 9 is taken from records of uterine movements in Lady for the last day
before and the first few days after operation. It will be seen from Fig. 8 that on
the first postoperative day the water intake had not yet increased, and from
Fig. 9 that uterine movements were present and of fair size. During the pre¬
liminary polyuria uterine movements almost disappeared, though the uterus
was capable of contraction as shown by its response to 100 mU Pitocin given
intravenously (Fig. 9, F). During the normal interphase when water intake
was nil uterine contractions reappeared and were of moderate size, though
irregular in timing. When the permanent polyuria set in, spontaneous uterine
activity became minimal and irregular, and remained so for the next 30 days.
In these records it seems as though changes in uterine behaviour slightly
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preceded changes in water intake. This may be more apparent than real since
on any day when uterine records were obtained the water intake for the 24 hr
including that day was measured only the next morning.
In Topsy similar though less striking results were obtained. For 4 days after
the first unsuccessful operation uterine movement though infrequent and
irregular (one contraction in 5-12 min) was of normal size. Thereafter the
contractions returned to pre-operative frequency and regularity. After the
Time (min) Time (min)
Fig. 9. Records of spontaneous uterine contractions before and after induction of experimental
diabetes insipidus. Lady, ovariectomized 15 Apr. 1953. A, normal, 27 May 1953. Section
of supraopticohypophysial tracts 28 May. B, 29 May; G, 30 May; D, 31 May; E, 1 June;
F, 1 June, 25 min after intravenous injection of 100 mU Pitocin; G, 3 June; H, 4 June;
7, 5 June; .7, G June; K, 7 June; L, 12 June. For water intake on these days see Fig. 8.
Records y actual size.
second operation spontaneous activity was just present, with a contraction
occurring about once in 5-10 min for 4 days. For the next 7 days the con¬
tractions were larger, regular and infrequent. From that time on they steadily
declined in size and frequency. This last may well have been due to the length
of time since ovariectomy. During the preliminary polyuria in Darkie uterine
contractions were small and irregular. On the fifth postoperative day, when
water intake had declined, they suddenly became large, regular and frequent.
It was noteworthy that if she was given water at this period the rate of urine
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flow never rose above 0-2 ml./min and she always became restless and apparently
slightly distressed, as though she were suffering from water intoxication. The
uterine contractions during the interphase were larger than at any other time.
This phase lasted until the twelfth day when uterine contractions became small,
infrequent and irregular, and so remained.
Effect of oral water
Once the interphase period had passed Lady, Topsy and Darkie reacted to
water given by mouth in a way that had not been seen before operation,
namely, that in about 30 min the infrequent slow small uterine contractions
decreased still further until such time as most of the water had been excreted,
when the rate of contraction again increased. A possible explanation of this is
that with a reduction in amount of the posterior lobe system there was just
enough oxytocin circulating under ordinary conditions to maintain a little
uterine activity, but that on giving water the final stimulus to uterine move¬
ment was withdrawn.
The effect of intravascular NaCl etc.
After the hypothalamic operation on Lady and Topsy neither intracarotid
injection of 1-7 M-NaCl nor of acetylcholine caused either antidiuresis or in¬
creased uterine activity. The effect of intravenous injection of 1-7M-NaCl was
studied 7 times on Lady. The greater volume (15-20 ml.) of NaCl injected by
this route as compared with the intracarotid, usually led to a fleeting diuresis.
The uterus responded by an increase in size of contraction which developed
slowly over 20-30 min and persisted for at least 2 hr, the longest time of
observation before the dog became restless. The uterine response to injected
Pitocin was the same as before operation. Thus the uterus reacted to NaCl
given intravenously, but in a manner differing from the normal in its time
relationships and unlike its response to Pitocin, either before or after operation.
Discussion
In this series of animals before operation on the hypothalamus any stimulus
which caused antidiuresis also caused increased uterine activity. The stimuli
used were emotion, intracarotid and intravenous injections of hypertonic
NaCl and of acetylcholine, and intravenous injection of sucrose. The results
were the same in kind, though not in degree, in both the ovariectomized bitch
and in the anoestrous one with intact ovaries. In the former during the period
of our observations, spontaneous uterine activity was considerable and the
increase due to any form of stimulation marked. In the anoestrous animal
spontaneous activity was minimal or lacking, and that due to stimulation
correspondingly small, though unmistakable.
In the present experiments we may safely assume that both intracarotid
and intravenous injection of l-7M-NaCl solutions caused antidiuresis in the
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normal dog by means of a release of antidiuretic hormone. This is clear from
the work of Verney (1947). It seems probable that the oxytocic effect also
depends on posterior lobe hormone release. First, the change in uterine
motility began and ended at the same time as changes in urine flow. Secondly,
after diabetes insipidus was induced intracarotid injections of T7M-NaCl
caused neither antidiuresis nor the characteristic increase in uterine activity.
On a number of occasions in Lady when she was diabetic intravenous injection
of hypertonic NaCl solutions did have an action on the uterus, but it was
relatively slow in onset and lasted for more than 2 hr as against quick develop¬
ment and duration of 40-60 min when she was normal. It may be argued that
with only a small part of the posterior lobe system intact and its blood supply
perhaps disturbed as a result of operation, there might be delay in release of
any hormone formed, but it is difficult to see why its production or presence
should persist for so much longer than normal. Further, in the diabetic
animal intravenous injection of l-7M-NaCl induced no antidiuresis. Thus, it
seems likely that the uterine effect was directly related to NaCl, or else it would
have to be concluded that the remaining posterior lobe hormone-secreting
tissue in the hypothalamus contained only oxytocic material. This is contrary
to the findings of Dicker & Tyler (1953a) and of Vogt (1953) that extracts of
dog ventral hypothalamus have considerable pressor but minimal oxytocic
activity, though Zetler (1953) found both substances to be present, oxytocin
being in smaller amounts thanvasopressin. The special postoperative conditions
excepted, the weight of evidence favours the idea that intravenous, like
intracarotid, injections of hypertonic NaCl solutions affects the uterus of the
non-diabetic animal by virtue of the release of posterior pituitary hormones.
In the non-diabetic animals emotion had effects parallel in time on both urine
flow and uterine movement. In the two experiments on the intravenous
administration of sucrose, this substance only increased uterine activity on
that occasion when it was given in concentration sufficient to cause anti¬
diuresis. There is evidence (Pickford & Watt, 1951) that both intravenous and
intracarotid acetylcholine injections cause the release of the antidiuretic
hormone. In the present observations it induced increased uterine activity
parallel with antidiuresis. The action of acetylcholine will be discussed more
fully in another paper.
So far, these findings all lend weight to Abel's unitary hypothesis (Abel &
Nagayama, 1920) and are in agreement with more recent work on the simul¬
taneous onset of the various actions ascribed to different fractions of posterior
lobe extracts. Thus Harris (1947, 1948) found on remote control stimulation
of the stalk or pars nervosa of conscious rabbits that both antidiuresis and
increase in uterine motility developed, and also that peristaltic movements
became apparent. More strikingly, because the stimulus was a physiological
one, Cross (1951) showed clearly that suckling caused antidiuresis in rabbits,
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and gave reasons for the belief that both vasopressin and oxytocin were
secreted. Others have found the same to be true in cows (Peeters & Coussens,
1950) women (Kalliala & Karvonen, 1951), and bitches (Kalliala etal., 1952).
Andersson (1951) found that an antidiuresis-inducing measure, namely the
injection of hypertonic NaCl into the carotid of goats caused milk ejection,
but he did not at the same time note what happened to urine flow.
In animals with experimental diabetes insipidus we found that when
polydipsia, temporary or permanent, was present uterine contractions were
small or absent, whilst during the normal interphase activity was present and
marked. In one dog (Lady) during the interphase movements were less
regular than before diabetes was induced. In Topsy and Darkie they were
regular. The misplaced first operation in Topsy was interesting in that mild and
transient polydipsia was associated with normal-sized, though somewhat
irregular, uterine contractions. In Darkie, again, spontaneous uterine move¬
ment varied inversely with the urine volume, being small and irregular in the
polydipsic phase and larger than at any other time during the prolonged
oligodipsia.
Thus, throughout all our observations, any measure leading to antidiuresis
at the same time caused increased uterine activity in both normal and
ovariectomized bitches, and in ovariectomized animals with diabetes insipidus
the greater the 24 hr water intake the less the spontaneous uterine activity,
and vice versa. Under ordinary conditions, i.e. ovaries intact and not in late
pregnancy, the muscular elements of mammary glands and uterus are unlikely
to be thrown into vigorous activity every time moderate water retention occurs
because it is only in certain circumstances when sensitized that the contractile
cells react energetically to posterior lobe hormones. If contractions do occur
in the uterus they are probably too small to be noticeable. Even in our
ovariectomized bitches there were very few occasions when the uterine con¬
tractions were great enough to make the animal perceptibly aware that some¬
thing was happening.
When attempts were made to assay the quantities of active substances
secreted, then difficulties arose in accepting Abel's hypothesis, at least without
modification. In all animals it appeared that the stimuli applied caused the
release of 15-20 times as much oxytocic as antidiuretic material. Cross (1951),
comparing antidiuresis with milk ejection following suckling in rabbits, found
a vasopressor/oxytocic ratio of 1/100. Peeters (1950) also found a 1/100 ratio
in cows. Using electrical stimulation in rabbits Ferguson (1941) and Harris
(1947, 1948) observed the secretion of a substance resembling Pitocin more
than Pitressin in its effects; the ratio Harris found being vasopressin/oxytocin
as 1/4 to 1/10. Thus the disproportion between the two fractions secreted is not
peculiar to one species nor to one mode of stimulation. Nor does it seem that
the discrepancy can depend on using as standard commercially prepared beef
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extracts. Dicker & Tyler (1953 a, b) assayed rat, cat, dog and guinea-pig
pituitaries in tlie same terms and found the vasopressor/oxytocic ratio in the
dog was 1-0 and in the other species varied from 1-0 to 0-4. They also found in
the same animals that the posterior lobe was depleted of oxytocin relative to
vasopressin after parturition and during lactation. These last results are not
unexpected if the natural secretion always has the composition suggested by
the work of others and ourselves.
On teleological grounds it could be argued that because the regulation of
urine volume, even in pregnant and lactating animals, is demanded more
often than either uterine contraction ormilk excretion, thekidney has developed
a greater sensitivity to posterior lobe hormones than the other two organs.
This, however, does not explain how the gland containing these substances in
a 1/1 ratio as far as we can tell with the methods used, releases them simul¬
taneously in anything from a 1/4 to 1/100 ratio. One possibility is that although
the stored material in the gland appears microscopically uniform yet, actually
the active substances are largely separate from each other, occurring either in
different parts of the gland or different parts of the same cell, or that their
release is controlled by separate nerve fibres. The two substances cannot be
completely independent since the production of one is always accompanied
by production of the other, with oxytocin predominating. In several species
the ratio of vasopressor to oxytocic activity is greater in hypothalamic than in
posterior lobe extracts (Dicker & Tyler, 1953a; Vogt, 1953; Zetler, 1953).
Does this mean that in these species more or less of the vasopressin present in
the gland is converted to oxytocin at the moment of stimulation? It is difficult
to see how this could be, but if no such conversion occurs and unless there are
but few fibres controlling vasopressin as compared with oxytocin output, it
might be expected in the experiments of Ferguson (1941) and Harris (1947,
1948) that electrical stimulation, by affecting all nerve fibres, would cause
release of equal amounts of both hormones.
That the disproportion between vasopressin and oxytocin, though always
present, can vary so greatly may depend on the species of animal or on the
type of stimulus. Harris (1948) used electrical stimulation and found a vaso¬
pressor/oxytocic ratio of 1/4 to 1/10. Cross (1951) designed his experiments
specifically to cause the release of oxytocin, noted that antidiuresis also
occurred, and found a ratio of 1/100. We designed our experiments to cause
the release of vasopressin, noted that oxytocic effects were seen at the same
time, and found a vasopressor/oxytocic ratio of 1/15 to 1/20.
So far no results give decisive evidence for or against Abel's unitary
hypothesis (Abel & Nagayama, 1920).
The observation that spontaneous uterine activity is markedly decreased
when polydipsia is present after operation for the production of diabetes
insipidus raises questions as to the part played by oxytocin in maintaining the
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uterus in a reactive condition. That operation in the hypothalamic area caused
the observed decrease in uterine activity is negatived by the misplaced opera¬
tion in Topsy, which had no depressing effect, and the fact that the uterus,
like the urine output, had a phase of apparent normality between the two
polydipsic phases. There seem to be four possibilities to account for the findings.
First, that the posterior lobe is directly responsible for maintaining spontaneous
activity in the uterus; secondly, that some interplay between oxytocin and
gonadotrophins is essential; thirdly, that the importance of the posterior lobe
lies in its control over electrolyte balance; and fourthly, that operation for the
induction of diabetes insipidus at the same time interferes with anterior lobe
function, with all the sequelae that that implies. Concerning the first possibility,
it is unknown whether oxytocin sensitizes uterine muscle to the action of
gonadotrophins, or the reverse, or whether these substances are equal partners.
Further, it is even questioned whether oxytocin is necessary for normal
parturition. References on this subject may be found in Reynolds (1949).
Some information may be obtained from work now in progress to test whether
uterine activity appears after ovariectomy in animals first made diabetic.
Regarding the third alternative, it is known that uterine activity is altered by
a changed electrolyte balance (Reynolds, 1949, 1951). In one set of observa¬
tions on Lady in the diabetic state intravenous injection of l-7ai-NaCl in¬
creased uterine activity, though in a manner different from that seen when she
was normal. This experiment is being repeated, but results are not yet available.
The effect of NaCl may be a direct one, or a general electrolyte disturbance may
act through the adrenal cortex. In a recent paper Jones & Wright (1954)
describe changes they noted in the histological pattern of rat cortices after
diabetes insipidus of 4-6 months' duration. Deane (1950) also found adrenal
cortical changes, but not until diabetes had been present for more than
2 months. These late effects make it difficult, though not impossible, to assign
to the adrenal cortex the cause of the immediate postoperative changes in
uterine behaviour. Concerning the last possibility, that operation may affect
the anterior lobe, Jones & Wright (1954) state that at the time when the
adrenal cortical changes were present the body and organ weights of their
animals were normal and that the females had normal oestrous cycles. We
noted no abnormality in the adrenals of our dogs, either in breadth of
zones, or in lipoid distribution. Further, the anterior pituitary appeared
histologically normal. Thus, evidence is lacking that anterior lobe dysfunction
is responsible for the rapid changes in uterine behaviour. The problem of the
role of the posterior lobe hormone in maintaining the uterus active needs
further analysis.
No attempt was made to study the function of the uterine nerves in relation
to the results.
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SUMMARY
1. Simultaneous observations on urine flow and uterine movements were
made on conscious dogs provided with a fistula of one uterine horn.
2. Stimuli such as emotion, the intracarotid or intravenous injection of
hypertonic NaCl solutions or of acetylcholine, and intravenous sucrose
solutions, all of which inhibit water diuresis by liberation of posterior lobe
antidiuretic hormone, also caused increased uterine activity which was
co-terminous with the antidiuresis.
3. The results of stimulation were the same in both normal anoestrous and
ovariectomized bitches. In the latter uterine activity was far greater than in
the former providing observations were made in the few weeks following
ovariectomy.
4. Reasons are given for the belief that the effects on the uterus are owing
to liberation of the oxytocic factor of the posterior pituitary.
5. In order to simulate the effects of stimulation on the uterus and urine
flow it was necessary to inject intravenously <5mU commercial pressor
extract and 15-20 times more than this of oxytocic extract.
6. When experimental diabetes insipidus was induced uterine activity was
nil or minimal during the polyuric phases and well marked during the interphase.
7. When diabetes insipidus was present intravenous injection of hypertonic
NaCl solutions caused no antidiuresis, but did cause an increase in uterine
activity which differed in its time course from that seen in normal animals.
8. The results are discussed with particular reference to the disproportion
between the amounts of vasopressor and oxytocic factors liberated relative
to those found in the gland, and to the dependence of uterine motility on the
presence of oxytocin.
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Observations on the flow of fluid through the ureter of the dog.
By V. C. Abrahams and Mary Pickford. Department of Physiology,
University of Edinburgh
Observations were made on the anaesthetized dog of the pressure-flow re¬
lationships and the pattern of flow through the ureter perfused in situ with its
circulation intact, and on the action of physiological and pharmacological
agents administered intravenously. As has been noted by previous workers
the outflow from the lower end of the ureter is intermittent. The pattern of
flow varied with the perfusion pressure. There was no outflow if the perfusion
pressure was less than 15-20 cm water. The pressure in the renal pelvis was
found to be less than 1 cm water. The outflow pattern was unrelated to the
direction of perfusion. 5-Hydroxytryptamine decreased flow through the
ureter contemporaneously with changes in blood pressure, there being no flow
at the peak of the blood pressure rise unless the perfusion pressure was in¬
creased above its previous level. Adrenaline and noradrenaline reduced flow
through the ureter, the action of noradrenaline being the more prolonged.
Vasopressin in doses sufficient to cause antidiuresis was without effect on the
flow through the ureter.
M.R.C. Special Reort Series, 289, 1-19. (Studies on ex¬
penditure of energy and consumption of food by miners and
clerks. .Fife, Scotland, 1952. Garry, R.C., Passmore, R.,
Warnock, G.M., and Durnin, J.V.G.A.).
PART I. THE BALANCE OF ENERGY
V. C. Ahrahams, J. V. G. A. Durnin, R. C. Garry, K. Mahadeva,
R. Passmore, J. A. Watt and J. B. de Y. Weir
Introduction
The intake of energy by human beings is estimated by measuring, the intake
of food. When the weight of the body shows no material change, this intake of
energy must also represent the expenditure. Measurement of intake, however,
gives no indication of the time-course of the expenditure of energy, and without
this information" we cannot form a true picture of the various metabolic
demands which the individual meets in the course of his working day; neither
do we know the amount of energy he uses during his leisure time.
Estimation of the expenditure of energy under actual working conditions can
be accomplished only by indirect calorimetry, by measuring the rate of oxygen
consumption. If measurements are made often enough It is possible to follow
the course of energy expenditure over a period of time. There have been some
notable studies on men at work in which the expired air was collected in Douglas
bags with subsequent measurement of its volume and oxygen content. Moss
(1935) used a similar technique with coalminers in England.
Many of tlfe difficulties which had to be faced in the past in studies of this
kind have been removed by the introduction of the Kofranyi-Michaelis (K.M.)
respirometer (Kofranyi and Michaelis, 1940; Midler and Franz, 1952) which is
made by the Max Planck-Institut fur Arbeitsphysiologie in Dortmund. The
respirometer is a dry gas meter which is worn like a haversack. It records the
volume of the expired air and simultaneously ejects a sample of this air into an
attached rubber bag (Fig. 1);- the sample then has to be transferred to a gas
sampling tube for analysis. The respirometer is light, weighing just over 61 lb.,
(3 kg.), and has little or no hampering effect on muscular work. It is shown in
action under rather awkward conditions in Plate 1, and details of its use are
given in Appendix B (p. 52).
We used the K.M. respirometer to find, in terms of Calories per minute, the
metabolic cost to each of our subjects of the majority of everyday activities. In
all cases, whether the men were underground or in the colliery offices on the
surface, at home or at out-of-doors recreation, the expenditure of energy was
estimated under conditions as near as possible to the normal. Thus the 'Calorie
value' of many human activities was measured for each of our subjects, and these
values, together with the record of the duration of each of the man's activities,
enabled us to calculate his energy expenditure over twenty-four hours; moreover
we obtained a picture of the fluctuations in his energy expenditure during the
twenty-four hours. Each man was studied for seven days.
Running parallel with the determination of the output of energy was the
dietary survey which gave the energy intake for each man. We were then in a
position to strike a balance between the two.
Most textbooks of physiology include a table which lists the energy require¬
ments of the different types of workers in our society. Many of these tables,
compiled at a time when methods of determining energy expenditure and
classifying the severity of work were less efficient than they have since become,
are of doubtful accuracy. Moreover, with the increasing mechanization of
industry and the introduction of shorter working hours, it is probable that, in
many cases, gross differences no longer exist between the energy requirements
I
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of those employed in heavy industry and those in sedentary work. In order as
far as possible to gauge the extremes existing today, we chose for this survey
two sharply contrasting groups of men—on the one hand, underground miners
who undeniably carry out hard manual work, and, on the other, colliery clerks
who work sitting or standing in offices.
Very detailed tables giving the Calorie values of various types of food have
long been in general use. But Orr and Leitch in 1938 were able to find relativelyfew Calorie values for the multifarious activities of man. It is hoped that our
figures will fill some of the gaps that remain in this field.
Fig. 1. The Kofranyi-Michaelis respirometer.
The Social and Physical Environment
'THE KINGDOM OF FIFE'
The 'Kingdom of Fife', bounded on three sides by the sea, has a character
all its own. In the Middle Ages the fishing villages and sea towns drove a
thriving trade with Europe and the wealth of the coastal settlements has always
contrasted sharply with the rather bleak townships inland. Coal has been mined
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in Fife since the thirteenth century, and by the early part of the seventeenth
century coal workings were being driven under the Firth of Forth. The Fife
coalfield promises to be the most important in Scotland in the near future.
THE MINE
The Wellesley Colliery, where we carried out our survey, is at Buckhaven on
the north shore of the Firth of Forth. A shaft was sunk as long ago as 1886 and
coal was brought up that shaft in 1887. The main shaft, the one we went down,
was sunk in 1907 and completed in 1911 and the workings now extend far
beneath the sea. Mechanization is making progress but the men have still to
expend a great deal of energy walking long distances to and from the coal-face
(Fig. 2). Technical details of the mine are given in Appendix A (p. 49).
THE MINING COMMUNITY
A mining community is held together by many bonds. The shift system
imposes a common load and discipline on all, not least upon the wives; and
even surface workers, such as clerks, do not escape its responsibilities. Although
the mine in which we worked was large, employing 1,500 men, it was still small
enough for everyone to know everyone else, at least by reputation. Death, or
injury in the colliery has a personal significance, and a miner is inevitably
conscious of danger throughout most of his working day. The communal
response to danger is a great stimulus to friendliness, and helps to build between
the community and the outside world the shell which is so noticeable after even
a short stay in a mining town. We were fortunate in being accepted from the
beginning as members of the community and we received nothing but friendly
help and guidance throughout our stay.
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THE SELECTION OF VOLUNTEERS
Through the good offices of representatives of the National Coal Board and of
the National Union of Mineworkers we met a number of miners and clerks,
together with their womenfolk, some three weeks before the survey was due to
start. We told them our plans and asked for volunteers. The response was more
than adequate.
TABLE 1
The subjects of the survey: particulars ofphysique
Theoretical Values adopted
Age Height Weight Surface basal rate for energy
Name area (Robertson and expenditure
Reid, 1952) during sleept
(years) (in.) (cm.) (lb.) (kg.) (sq. m.) (Calories per minute)
Miners
James D. 20 63 160 120 54-5 1-55 0-99 1-07
Willie B. 41 65 165 121 55 1-60 0-92 0-75
Benny L. 30 68 173 121 55 1-65 1-00 0-87
Tom A. 27 64 163 126 57 1-60 0-98 0-84
James C. 41 63 160 134 61 1-63 0-94 0-97
Pat C. 32 67 170 137 62 1-72 1-04 0-88
Dave S. 30 66 168 137 62 1-70 1-01 1-10
George M. 40 65 165 139 63 1-69 1-00 1-10
James H. 40 66 168 140 63-5 1-72 1-02 1-02
Willie K. 24 68 173 142 64-5 1-77 1-09 1-14
Jock N. 30 67 170 145 66 1-75 1-06 0-93
John H. 32 69 175 147 66-5 1-80 1-09 1-05
James W. 30 68 173 149 67-5 1-80 1-09 —
Alex W. 33 71 180 151 68-5 1-86 1-12 1-05
George L.* 41 63 160 153 69-5 1-73 1-00 0-89
Jock E. 27 70 178 160 72-5 1-90 1-13 1-06
Crawford C. 45 65 165 164 74-5 1-82 1-03 1-19
Will J. 32 65 165 169 76-5 1-84 1-10 1-09
Jock F. 43 65 165 173 78-5 1-85 1-06 1-05
Dave W. 42 71 180 181 82 2-02 1-17 1-20
Clerks
Jimmie R. 32 67 170 121 55 1-63 0-99 0-86
David H. 23 69 175 132 60 1-73 1-08 1-12
John A. 22 67 170 138 62-5 1-73 1-09 —
Joe K. 29 67 170 138 62-5 1-73 1-05 1-04
George B. 46 68 173 142 64-5 1-76 1-00 1-10
Willie C. 20 71 180 144 65-5 1-83 1-17 1-12
Ian C. 29 66 168 145 66 1-74 1-06 1-13
Bob T. 28 68 173 149 67-5 ISO 1-10 1-05
George C. 32 65 165 155 70-5 1-78 1-07 1-07
James L. 22 70 178 159 72 1-83 1-15 1-17
* Failed to complete the experiment.
t Refer to text (p. 10) for method of arriving at these figures.
In the selection of suitable men, attention was paid to the following points:
1. For general convenience the men were chosen from those living within
easy reach of the colliery.
2. The men had to be working on the day-shift or be prepared to change to
this shift.
THE BALANCE OF ENERGY 5
3. It was desirable to have miners working at all eight coal-producing faces
in the pit in order to give a complete picture of the conditions underground.
4. We tried to study pairs of men working side by side.
Twenty miners started; one failed to complete the experiment due to a
domestic crisis. Ten clerks started and all finished. Heights, weights and ages
of the men are given in Table 1. All the men had been living in Fife for at
least two years. Most were Fifers born and bred, but a few had come from the
West of Scotland and one from England. Only one was unmarried. Many were
fortunate enough to live in modern houses built since 1945 on housing estates,
but about half were in older houses with less adequate accommodation and
amenities.
THE NATURE OF THE WORK
Miners
Eighteen of the men were strippers, working the coal on the long-wall system.
The coal was undercut beforehand by machinery and the strippers had to hew
it away from the face with a pick and then to shovel it on to mechanically-
operated pans or conveyor belts. Two of the men were brushers preparing a
new section of the pit for coal-getting. All these men had to carry out hard
muscular work. At most of the faces the climate was warm but comfortable,
wet-bulb readings being 70° to 72° F. (21-22° C.). However, in one section
known as the Dip mine it was hot, humid and uncomfortable, the wet-bulb
temperature varying from 81° to 84° F. (27-29° C.). The dry-bulb readings were
usually 2° F. higher. Ventilation was good, and temperatures never rose more
than 2° F. during the course of a shift. Fuller details of the nature of the work
and the conditions underground are given in Appendix A (p. 49).
During the week of observation each of our subjects completed five day-
shifts, being wound down the pit between 5.45 and 6 a.m. and wound up
between 1.30 and 2 p.m. In addition all but one of the men worked a short
overtime shift (6 a.m. to 12 noon) on the Saturday, and two also worked a shift
on the Sunday. One managed to work eight shifts, 60 hours, in a single week.
There are strong financial inducements to work such hours.
Clerks
Six of the clerks worked in check offices recording the attendance of the miners.
The other four worked in dispatch offices and were responsible for the weighing,
labelling and dispatch of coal wagons. Much of the work was done at high
desks where the man could either sit on a high stool or stand, and so 'standing'
is a frequent entry in our analysis of the working activities of the clerks. The
dispatch clerks had some walking to do while they labelled and checked the
wagons in the railway yards. Although the clerks were working in the offices of
a colliery, their duties, which were largely completion of forms and keeping of
ledgers, were characteristic of office work anywhere. The clerks, like the miners,
worked on a shift system for six days of the week with an average weekly
attendance of just under 51 hours. One clerk had a subsidiary week-end job as
a barman.
ACTIVITIES OUTSIDE WORKING HOURS
Miners
Even men who lived close to the pit had to be out of bed by about 5 a.m. in
order to be wound down at the proper time, and breakfast was usually hurried.
After the shift the men took a shower in the pit-head baths and changed their
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clothes. They usually went home to a large meal prepared especially for them
and then slept or dozed for two to three hours in an armchair or on a bed.
Thereafter they took things comparatively quietly, reading, playing with their
children and sometimes going for a short stroll in the evening. Bedtime was
usually between 11 p.m. and midnight. Most spent Saturday afternoons
watching soccer, and on Saturday evenings many were to be found in local inns
and public houses. A mid-week visit to the cinema was common.
None of the miners who were our subjects had energetic recreations, and
none played outdoor games. In this respect they were possibly not quite repre¬
sentative of the mining community. Some miners in the colliery regularly played
golf on two excellent courses in the neighbourhood.
Clerks
One clerk was an energetic cyclist, another a keen bowler and a third was an
enthusiastic golfer. It would not be fair, however, to assume that the clerks,
spending less energy in their employment than the miners, therefore tended to
have more vigorous recreations. The pattern of the clerks' lives in their leisure
time was very similar to that of the miners. Our results showed that the energy
expended by a clerk and by a miner when not at work was, on the average,
almost identical.
Work in the Field and the Laboratory
THE EXPENDITURE OF ENERGY
The research team was divided into two main groups separated by some
nineteen miles. The field workers were lodged in a miners' hostel at Buckhaven,
close to the colliery, while the laboratory workers lived in a students' residence
in St. Andrews.
Field Workers
These made a continuous record of the nature and duration of every activity
on the part of the subjects and from time to time took measurements with the
K.M. respirometer. When the respirometer was used the quantity of air
breathed out, the exact duration of the sampling, and an exact description of
the subject's activity during sampling were at once entered on a special analysis
sheet, Fig. 3. The sample of the expired air collected in the rubber bladder
attached to the respirometer was transferred without delay to a numbered
glass sampling-tube and the number of the tube was entered on the analysis
sheet. Whenever the respirometer was used underground a sample of the mine
air was taken at the same time, since the oxygen and carbon dioxide content
of the mine air differed somewhat from that of the air on the surface and varied
from time to time.
Subjects at work. During the working shifts an observer was present with
each man and recorded his subject's activities during every minute of the time.
For this purpose a notebook was used (Fig. 4) each page of which contained
120 small squares, one square representing one minute. By using code letters,
for example 'S' for 'sitting', 'W' for 'walking', 'FT for 'hewing', and so on, it
was possible to record the duration of any particular activity to the nearest
minute.
Subjects off-duty. For the remainder of the twenty-four hours, each man
was asked to record how his time was spent as accurately as possible in a similar
notebook. Each man was visited every day at his home by one of the observers
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NAME Sample Tube No
Date / / Age Ht Wt.
























1/m Calories per min.
Analyst
Calorie value expired air = 0- Calories per min.
20
Fig. 3. Analysis sheet. The first part was filled in by the observer immediately
after taking the sample from the subject; the second part was completed in the
laboratory by the analyst and the computer.
who went over the entries in the notebook and cleared up any obscurities. The
observer then added up the times spent on the separate activities and transferred
the essential facts to a 24-hour sheet, Fig. 5.
Laboratory Workers
These used one of the excellent laboratories in the Physiology Department
of the United College of the University of St. Andrews. Analysis of the samples
of expired air was carried out using Haldane's gas analysis apparatus, five
sets of which were available. Gas analysis was always done in duplicate and the
results were entered on the analysis sheets. The sheets were then passed to a
computer who worked out the energy expenditure for the activity in question.
Forty gas samples could comfortably be analysed in one working day.
Additional details of the methods used in the field and in the laboratory are
given in Appendix B (p. 52).
THE INTAKE OF ENERGY
A full description of the technique used and of the results obtained in this
part of the investigation is given in Part II of the Report.
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Fig. 4. Sample page of notebook. During the period of 2 hours covered by this
page, the subject has spent 32 minutes loading (L), 15 minutes hewing (H), 10 minutes
timbering (T), and 63 minutes sitting (S).
The dietary survey was carried out by the individual inventory method. All
the food eaten by each man was weighed or measured throughout the period of
seven consecutive days during which he was under observation. The task of the
dietitians was made easier by the fact that the men normally had certain of their
meals at a different time from the other members of the family and often had
special dishes prepared for them. This was their usual practice and quite









B Recreational and off work:—
(1) Light sedentary
(2) Washing, shaving, dressing
(3) Light domestic work

























Grand total for day:
Fig. 5. The form used to summarize the activities and energy expenditure of one
man over a period of 24 hours.
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independent of our activities. The intake of energy in the form of food was
calculated by reference to tables of food values. The intake of protein, of fat, of
carbohydrate, of minerals and of vitamins was found in a similar way.
Results
THE EXPENDITURE OF ENERGY
Tables 31 to 35 (Appendix C, p. 55) give all the Calorie values obtained for all
the activities of each of our subjects. These figures give the gross observed rates
of energy expenditure in Calories per minute; we could see no purpose in trying
to find the net rate of energy expenditure by deducting a figure supposed to
represent the basal metabolic rate.
We attempted to obtain several readings on each man for every common
activity, and the tables give the results of every observation where the subject
was breathing easily and where the respirometer, to the best of our knowledge,
was in order. Not unexpectedly, very considerable variation was found in the
metabolic cost of apparently the same activity carried out by the same person
at different times. In the total of 752 results, however, there were 9 so out of
line that the probability of an error was great. These 9 results have been omitted
when finding the means, and are indicated by asterisks in the tables.
The mean of each series of results for any one subject was taken as the
metabolic cost of that particular activity to that subject. In using the mean we
bore in mind the possible effect of training and practice. Many persons do not
take kindly at first to breathing through a mouthpiece, and most research
workers have laid stress on the importance of training and of experience in the
use of metabolic equipment. This, no doubt, is reasonable when the basal
metabolic rate is being found in an anxious patient in hospital. We, however,
found that training had no effect on the rate of energy expenditure, either when
the subject was lying quietly or when he was engaged in heavy muscular work.
This not unimportant finding may have been due partly to the wholehearted
co-operation of our subjects and their confidence in the observers, and partly
to the fact that we normally used a light plastic valve-assembly and a respiro¬
meter which did not greatly obtrude on the wearer's consciousness. The effect
of practice is discussed further in Part III (p. 41).
Because of practical difficulties, no routine measurements of energy
expenditure during sleep were possible. We derived values for our subjects'
expenditure of energy during sleep in the following way. The mean of all the
figures for each subject when lying, was divided into the predicted basal
metabolic rate (B.M.R.) for that subject, using Robertson and Reid's 1952
standards. We then took the mean of these values in their turn, keeping the
values for the miners separate from those for the clerks. In the case of the
miners the mean was 0-717 and in that of the clerks, 0-823. Implicit in this
manoeuvre is the assumption that the energy expenditure actually observed
when the men were lying at rest is related to the true basal rate. The expenditure
of energy by each individual during sleep was then calculated by multiplying
the mean of the observed values for energy expenditure by that individual when
lying at rest, by 0-717 in the case of a miner and by 0-823 in the case of a clerk.
The relevant figures are given in Table 1 (p. 4).
Many observers have recorded metabolic rates during sleep below basal
levels. On the other hand, the specific dynamic effect of the day's food probably
Fig.6Dia ramoftypicalworkingshiftunderground.
(A.Showsatypicalpatternfactivityndthcorrespondingtesfrgyx ture.B.Showstherelativeamountsftispentinachftht r emainctivities.
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persists during the early hours of sleep and raises the metabolism above the basal
level. When the whole period of sleep is taken into account these two factors
may well cancel each other out in many instances. It must be recognized that
assessments of the expenditure of energy during a period of sleep rest on
unsure foundations; however, an error of as much as 10 per cent in this compu¬
tation for any individual amounts to only some 50 Calories in the estimate of the
total daily output of energy.
No measurements were taken for the cost of dressing, washing and shaving.
In a pilot study (Passmore, Thomson and Warnock, 1952) in which careful
measurements of such activities were made on five young men, the Calorie value
of washing, dressing and shaving was found to be 1-9 times the cost of standing,
with only minor variations. Accordingly, in the case of our subjects, these
activities have been costed by multiplying by the factor of 1-9 the values observed
for each man while standing.
In Table 36 (Appendix C, p. 62) a summary is given of the total expenditure
of energy by each miner during an entire week. This table also contains an
analysis of the time spent on each activity, together with its Calorie value.
Table 37 gives the same information for the clerks. Fig. 6 (p. 11) shows
graphically the pattern of energy expenditure by a miner during a working shift
underground.
Table 2 below summarizes the findings on the expenditure of energy. The
miners on the average each spent nearly 900 Calories per day more than the
clerks. There is no doubt, then, that those of our subjects who were engaged in
heavy physical work used more energy each day than did those engaged in
sedentary work. These findings may not apply to all modern types of heavy
industry but they certainly hold for mining under the conditions we experienced.
Table 2 shows, moreover, that it was while engaged in their daily work that the
miners made their extra demand on energy, requiring during their working
hours roughly twice as many Calories as the clerks during theirs. When not at
work, miners and clerks made closely similar demands on energy; in spite of the
smaller amount of energy used by the clerks at work, they gave no evidence of
spending more energy than the miners in active physical pursuits in their leisure
time.
TABLE 2
Mean daily expenditure of energy of the 10 clerks and the 19 miners during a
1-day week
Activity
Mean daily expenditure of energy




Sleep, and daytime dozing 500 490
Activities when not at work 1,410 1,420
Activities at work 890 1,750
Total 2,800 3,660
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THE INTAKE OF ENERGY
Table 3 gives the average daily intake of energy for each man. Each day the
miners took in almost exactly 1,000 Calories more than the clerks. The origin
of this energy from protein, fat and carbohydrate is given in Table 4. There is
one noteworthy feature. The percentages of the Calories derived from protein,
from fat and from carbohydrate are very similar for the miners and the clerks.
In other words, the miners, to obtain the 1,000 additional Calories per day, ate
more of all the proximate principles. Protein and fat are often put in a special
TABLE 3
Average daily expenditure and intake of energy of each subject
Average daily expenditure and Relationship





Jimmie R. 2,350 2,810 + 460
David H. 2,380 2,500 " + 120
John A. 2,330 2,850 + 520
Joe K 2,820 3,360 + 540
George B. 2,800 3,360 + 560
Willie C. 3,150 3,130 - 20
Ian C. 2,760 2,620 - 140
Bob T. 3,100 3,250 + 150
George C. 3,060 2,730 - 330
James L. 3,290 3,830 + 540
Mean 2,800 3,040 + 240
Miners
James D. 3,430 3,560 + 130
Willie B. 2,970 3,560 + 590
Benny L. 3,150 3,890 + 740
Tom A. 3,060 4,270 + 1,210
James C. 3,660 3,090 - 570
Pat C 3,370 3,100 - 270
Dave S. 3,870 4,160 + 290
George M. 3,530 4,010 + 480
James H. 3,140 4,110 + 970
Willie K. 3,420 4,050 + 630
Jock N. 3,570 4,420 + 850
John H. 3,780 3,990 + 210
James W. 3,700 4,600 + 900
Alex W. 4,560 4,380 - ISO
Jock E. 4,090 5,410 + 1,320
Crawford C. 4,320 3,990 - 330
Will J 3,660 4,180 + 520
Jock F. 3,670 3,320 - 350
Dave W. 4,510 4,480 - 30
Mean 3,660 4,030 + 370
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TABLE 4
Contribution ofprotein, fat, carbohydrate and alcohol to the total energy value




















Protein 484 120 384 12-6
Fat 1,350 33-5 1,074 35-3
Carbohydrate .. 2,001 49:7 1,505 49-6
Alcohol 195 4-8 77 2-5
Total 4,030 1000 3,040 100-0
category as body-building and protective foodstuffs. It has been thought that
when the human body has obtained the necessary minimum of these, it draws
the energy required for physical exertion from carbohydrate, which is classified
as primarily a fuel. Our subjects did not conform to this theory.
In the account of the dietary survey in Part II of this Report, the diets of the
men are analysed in very considerable detail and the significance of the findings
is discussed.
THE BALANCE
Table 3 sets out also the average daily expenditure of energy of both clerks
and miners. Two-thirds of the men showed a clear excess of intake over
expenditure. This difference is statistically significant at a low level (see Part III,
p. 47). In view of the difficulties of collecting the basic information and the
fluctuations inherent in physiological processes, the lack of complete agreement
was not unexpected and could be accounted for by one or more of the following
factors:
(a) The time spent in the more energetic activities may have been under¬
estimated. This did not arise to an appreciable extent during the working
time, the whole of which was under direct observation; but outside
working hours we had to rely to some extent on the'subject's own
estimate of the duration of his activities.
(b) When wearing the respirometer the men may have worked less
energetically than normally. There was, however, no sign of any such
restriction on muscular activity, and, as already mentioned, the men
had no difficulty with the apparatus.
(c) The estimate of the energy available from alcoholic drinks may have
been too high.
(d) The dietary survey may have put the wives of our subjects on their
mettle. They may have given their menfolk rather more ample meals
than usual.
Some of our subjects might have shown a small net gain in weight at the end
of the week. We did not find it practicable to weigh the men under exactly
comparable conditions at the beginning and end of the survey. It is very doubtful
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if a change in weight corresponding to the observed excess in intake of
Calories would have been detectable in view of all the other possible minor
variations.
Discussion
OTHER STUDIES ON COALMINERS
Although for both geological and mechanical reasons comparisons may be
misleading, it is interesting to compare our present findings with the results
obtained by Moss (1935) in the West Midlands of England and by Lehmann,
Miiller and Spitzer (1949) in two German coalfields. The Germans do not give
figures to enable the metabolic cost of separate activities to be estimated, but
Moss, in Table V of his paper, gives average values, from observations on seven
to twelve men, for oxygen consumption and for the Respiratory Quotient when
the men carried out specific mining activities. If these figures are converted into
Calorie expenditure per minute using Zuntz and Schumburg's factors they are
not unlike our own for similar activities (Table 5). The average weight of the
subjects was the same in both investigations, so the slightly higher values found
by Moss may be due to minor variations in the working conditions below
ground. Table 6 gives two sets of values from the eleven sets given by the
Germans. These are compared with the findings of Moss and of ourselves. The
resemblances and the differences are worthy of note.
TABLE 5
The mean metabolic cost of typical activities in underground mining: a comparison
of results from Moss's study in the West Midlands of England with figures from
the present study
Mean metabolic cost of the
following activities:
Area of study Hewing Loading Timbering
(Calories per minute)
West Midlands of England 7-3 7-7 71
Fife 7-0 7-1 5-7
A study of different types of work in some Italian coalmines should also be
mentioned (Granati and Busca, 1941). These results are essentially similar to
those reported by Moss in this country, and seem to show a total energy
expenditure somewhat higher than that in the more modern surveys. Their
figures are of the order of 4,500 Calories per day. These mines were not
mechanized.
There is a general impression today that brawn is becoming progressively less
important in industry. We have not yet, however, become a nation of machine
minders, and, by any standards, our miners were spending a considerable
number of Calories at their work. Paradoxically enough, had mechanization
below ground been more reliable, the men would have had the opportunity to
use their muscles even more. We were impressed by the amount of time the
miners were forced to be inactive underground, usually because of a breakdown
in the mechanical haulage system. Fig. 6 (p. 11) illustrates a typical working
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TABLE 6
A comparison of some results from other studies of coalminers with figures from
the present study
(1) (2) (3) (4) (5)


































1935 — — 7 30 5 21 2,800 4,070
Germany (Ruhr) 1943—4 50 24 8 24 4 36 2,140 3,820
Germany (Mahrisch
Ostrauer) 1943-4 48 0 8 0 5 30 1,650 3,360
Scotland (Fife) 1952 47 14 7 44 4 14 1,990 3,660
Since the results of the different surveys have not been recorded in an identical manner
these figures need a little explanation. Moss states that during a period of 5 hours 30 minutes
at the coal-face, an average of 27 per cent of the time was spent at rest, and 12 percent eating
a 'snap*. This means that, in the whole shift, 2 hours were spent travelling and 3 hours 21
minutes working, with a combined travelling and working time of 5 hours 21 minutes. The
figures for Calorie expenditure underground per shift and average daily expenditure (on a
7-day basis) are taken from the table on p. 150 of his paper.
For the German figures, two sets of observations from Table 1 of their paper have been
chosen. The figures in columns 1, 2, 3 and 5 above are straight from columns 3, 4, 5 and 9
in this table. The figures in column 4 have been obtained by multiplying their figures for
working Calories per hour by total hours worked and adding an arbitrary 1 Cal./min. for
basal metabolism.
The figures for Fife in columns 1, 2 and 3 are taken from the averages in Tables 31 to 35, and
those in columns 4 and 5 from averages in Tables 2, 36 and 37.
shift and shows the very spasmodic nature of the work. It also gives in simple
diagrammatic form the relative times spent in travelling to and from the place
of work, in sitting and at work. Our subjects were inactive for 38 per cent of
their total sojourn underground. The corresponding figure for an English mine
is 29 per cent, and those for the German mines 45 and 31 percent.
Table 7 shows the total time spent underground each week by our nineteen
miners. It also shows the time spent travelling underground and the actual time
at work with pick and shovel. From the colliery records we obtained the figures
of output at each face, the number of strippers at the faces, and the weekly out¬
put per stripper. These are given in Table 8. The figures for the Dip mine are not
comparable with the others since in this part of the pit some men primarily
on development work also helped in production. The output per stripper per
shift lay within the limits of 6 to 9 tons. This is a very usual output in a mine
of this type and such figures indicate that the men we studied are fairly repre¬
sentative of the mining community of this country.
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TABLE 7



















July 28, 1952 Tom A. 6 46 9 12 0 13 31
James W. 6 46 0 12 0 14 9
George M. .. 6 45 52 14 12 16 30
August 4, 1952 James D. 6 48 0 9 41 15 17
James H. 6 48 43 9 48 17 39
Dave W. 7 53 27 10 18 23 1
Will J. 7 53 17 10 37 19 26
August 11, 1952 Jock F. 6 49 31 12 41 16 48
Pat C. 6 45 32 12 6 18 16
Alex W. 6 47 57 8 23 23 46
Crawford C. 6 45 35 8 12 19 13
August 18, 1952 Willie K. .. 5 40 5 10 39 12 27
Jock E. 8 60 17 16 30 15 8
John H. 6 44 9 11 55 20 11
Dave S. 6 44 40 11 56 18 36
August 25, 1952 Benny L. 6 44 31 12 19 17 40
Jock N. 6 44 28 12 6 16 7
Willie B. 6 44 58 12 0 17 46
James C. 6 45 10 12 2 22 39
TABLE 8
Details of coal production at Wellesley Colliery over several periods of one week















July 28, 1952 Basin 1,243 34 37
Basin West 874 22 40
August 4, 1952 Barn Craig 5 East .. 1,470 31 47
August 11, 1952 Dip 390 6+ —
Dysart East 830 17 49
August 18, 1952 Bow House 1,233 27 46
Chemyss 5 East 964 20 48
August 25, 1952 Barn Craig 5 East .. 1,682 32 52
Dip 545 6+
Table 9 shows that the English miners spent more energy per minute when
underground than did the miners in Scotland and in Germany. The figures for
all groups include expenditure of energy while travelling to and from the face
and while resting; the expenditure of energy during actual production is much
higher.
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TABLE 9
Mean rate of expenditure of energy during the underground shift in the English,
German and Scottish mines
Mean rate of energy expenditure per man
Area of study during the entire underground shift
(Calories per minute)
England (West Midlands) 6-2
Germany (Ruhr) 4-2
Germany (Mahrisch Ostrauer) 3-4
Scotland (Fife) 4-3
We cannot, unfortunately, answer the question as to how much work a miner
could do if given full opportunity. Our miners were already spending a very
considerable amount of energy day in, day out. Economy could have been
exercised by enabling them to travel to and from the coal-face with less physical
labour. At the face itself there were many interruptions which were frustrating
rather than restful, and as a consequence the activity after such pauses may
have been, on occasion, uneconomically energetic. With steadier working
conditions the men might have been able to carry out more work with the same,
or little more, energy expenditure and perhaps with less fatigue.
To make this survey, more than thirty investigators were required for a period
of five weeks; only nineteen miners and ten clerks were studied. With experience
it might have been possible to reduce the number of investigators somewhat.
Nevertheless, it is obvious that a study of this kind is costly in manpower. A
simple survey of food intake, which would have given us very similar figures
for total energy requirements, would have been much less costly in effort and in
personnel. It is clear, however, that only a study of the actual course of the
expenditure of energy, as in the present survey, can answer the question "Where
do the Calories go?" And only when the answer to this question is known is it
possible to obtain a picture of the pattern of the metabolic demands made upon
workers in industry.
Summary
In August 1952 a survey was carried out on nineteen underground miners and
ten clerks in a colliery in Fife, Scotland. Each man's intake of energy and of
essential nutrients over a period of one week was gauged by a dietary survey
employing the individual inventory method. Simultaneously each man's
expenditure of energy over the same period was determined by indirect
calorimetry using the Kofranyi-Michaelis respirometer.
The results were as follows:
1. The total daily expenditure of energy by the underground miners, all of
whom were performing hard physical labour during their working hours, was,
on the average, 3,660 Calories. This expenditure was 860 Calories greater than
the average daily expenditure of the clerks, whose work was of a sedentary
nature.
2. While at rest and while off duty and at home the two groups of workers
had an almost identical expenditure of energy.
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3. The difference in energy expenditure between the two groups over the
24-hour period was due wholly to the additional demands on energy made by the
miners during their working hours.
4. The intake of energy in the form of food reflected the difference in
expenditure of energy. The miners took in 990 more Calories than the clerks
each day.
5. In the case of both clerks and miners the mean daily intake of energy was
somewhat greater than the mean daily expenditure. This result may have been
due to some circumstance associated with the methods used in the survey.
6. Although the miners obtained many more Calories from their diets than
did the clerks, the percentages of the Calories derived from protein, from fat
and from carbohydrate were essentially the same in the two groups. There was
no suggestion that the miners drew the additional energy required for their
hard physical work from foods predominantly composed of carbohydrate.
Brit. J. Pharmacol. (1956), IX, 35.
THE EFFECT OF 5-HYDROXYTRYPTAMINE ON THE
EXCRETION OF WATER IN CONSCIOUS DOGS
BY
V. C. ABRAHAMS and MARY PICKFORD
From the Department of Physiology, University of Edinburgh
(received october 12, 1955)
5-Hydroxytryptamine (5-HT) is present in a
number of tissues, but its physiological role is still
undetermined. Erspamer (1954a, b,) found that
5-HT was powerfully antidiuretic and that, in rats,
the subcutaneous route of administration was the
most effective, as little as 4 pg./kg. producing
definite and fairly long-lasting antidiuresis in the
most sensitive individuals. By means of clearance
measurements he found that glomerular filtration
rate (GFR) was reduced and that there might also
be some reduction in renal plasma flow (RPF).
He concluded that 5-HT antidiuresis was due to
preferential constriction of the afferent glomerular
arterioles and, further, that the posterior pituitary
played no part in the antidiuresis. He believes
that 5-HT is a hormone designed for the physio¬
logical regulation of renal function (1953). Since
most work on 5-HT has been done on rats, and
little on dogs (Erspamer and Ottolenghi, 1951 ;
Sala and Castegnaro, 1953), and since it is impor¬
tant to determine whether 5-HT is a renal hor¬
mone, as Erspamer believes, or merely an anti¬
diuretic substance, we have carried out a number
of different studies on the dog.
Methods
Observations were made on conscious bitches during
water diuresis. The methods of collecting urine and
inducing diuresis have previously been described
(Abrahams and Pickford, 1954). 5-HT was adminis¬
tered in the form of the creatinine sulphate dissolved
in 1.0 ml., or less, of 0.9% NaCl solution. All doses
are calculated and given as weight of base/kg. body
weight of dog. The drug was injected subcutaneously,
intramuscularly, intra-arterially or intravenously. The
intra-arterial injections were made either into the
sinus-denervated carotid artery lying in a previously
prepared van Leersum loop, or into the aorta through
a catheter inserted, under local anaesthesia, via the
femoral artery. The catheter was inserted to a
measured length immediately before giving the ex¬
perimental dose of water. The position of its tip was
ascertained later by reintroducing the catheter when
the animal was killed. When intra-aortic injections
were made the substance to be injected was dissolved
in a volume of 0.9% NaCl solution less than that
of the dead space of the catheter, namely, 0.8 ml.
The test solution was injected into the catheter and
then washed into the circulation with 1 or 2 ml.
0.9% NaCl solution.
Some observations were made on the renal clear¬
ances of diodone and creatinine before and after the
intravenous injection of 5-HT. The methods used
have already been described (Pickford and Ritchie,
1945). They avoid interference with the dog except
for the collection of blood samples, and provide a
period of 20 to 25 min. at the plateau of diuresis
when the plasma concentrations of diodone and
creatinine remain relatively constant. If antidiuresis
occurs the period of steady plasma concentration is
prolonged.
When required, blood pressure was measured in the
conscious dog through a side-arm of the aortic catheter,
and recorded by means of a mercury manometer.
Results
Subcutaneous and Intramuscular Administration
of 5-HT.—Only 4 observations were made on the
effect on water diuresis of subcutaneously admin¬
istered 5-HT. One bitch (Angela) received 22
pg. I kg. 36 min. after the ingestion of water. The
course of the diuresis thereafter was not notice¬
ably different from normal. It was, however,
possible that there had not been sufficient time
for the drug to be absorbed and produce its
effect. Therefore, in another animal (Darkie) 5-PIT
was given at the time of water administration.
On one day the dose was 32 jug./kg. and on 2
others 74 fig./kg. subcutaneously. On no occasion
did antidiuresis occur (Fig. 1).
Two animals were given 13.5 and 36 pg./kg. 5-
HT intramuscularly and showed no hint of anti¬
diuresis. On the other hand, 32 jug./kg. given intra¬
muscularly to Darkie caused on this occasion an
immediate and marked antidiuresis. The short
latency of the response (1.0 min.) makes it prob¬
able that this positive response of Darkie to an
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Table I
MINIMUM INDIVIDUAL EFFECTIVE ANTIDIURETIC
DOSES OF S-HT WHEN INJECTION WAS MADE INTO
THE MALLEOLAR VEIN
No. of Dose No. of Dose
Observa¬ Dog 5-HT Observa¬ Dog 5-HT
tions /'g- kg. tions /'g- kg.
15 Frisk 10 6 Bouncer 14
2 Topsy 18 5 4 Darkie 16
3 Sheila 20 8 Angela 218
5 Jess 12 7 5 Kit 9 4
4 Chris 13-5 10 Judy 10




Fig. 1.—Record cf water diuresis (Darkie). 300 ml. water by mouth
at zero time. © © ncrmal water diuresis. O O, water
diuresis when 74 £g./kg. 5-HT was given subcutaneously at zero
time. In allographs, ordinate is rate of urine flow in ml.,'min.,
and abscissa is time in min.
intramuscular injection when this animal gave
consistently negative responses to subcutaneous
injections was coincidental.
Administration of5-HT into the Malleolar Vein —
A single injection of 5-HT given into the malleolar
vein during water diuresis caused antidiuresis to
a variable extent. The doses tested ranged from
0.6 fig./kg. to 84 fig./kg. Since the effect in any
one dog varied from time to time (Fig. 2) despite
apparently constant conditions, which included the
time of day and the anoestrous condition of the
animal, it was difficult to determine the minimum
effective dose. Some dogs showed more vari¬
ability of response than others. It was, however,
clear that, in 11 normal dogs, true antidiuresis,
as contrasted with momentary cessation of flow
due to ureteric spasm (Abrahams and Pickford,
1956a), was not regularly seen with doses under
10 fig./kg. (Table I). Only one animal (Smokey)
showed a sensitivity greater than this, and at post
mortem this dog was found to have only the left
kidney. On the right there was nothing but a
fibrous cord in place of the ureter. The one kid¬
ney was large, dimpled on the surface, and showed,
on histological examination, many areas of con¬
siderable fibrosis. In life there had been nothing
to suggest that this dog was congenitally abnormal.
This animal was one of the first on which obser¬
vations were made, and unfortunately, before it
was killed, information was given to Professor
Erspamer that, in dogs, the sensitivity to intra-
1 With diabetes insipidus. 2 Congenital absence of right kidney.
venously administered 5-HT ranged from 4 to
20 fig./kg. Later experience amends these figures
to 10-20 fig./kg.
Some observations were made on one dog at a
time when it had a prolapsed uterus. It could be
seen that, when antidiuresis occurred in response
to an injection of 5-HT, there was a perceptible
paling of the vaginal mucous membrane, lasting
about 5 min.; when antidiuresis did not occur there
was no pallor. Furthermore, all dogs which sub¬
sequently showed antidiuresis sighed, panted, or
40 60
Time (min.)
Fig. 2.—Record of water diuresis (Judy). 250 ml. water at zero time.
In (a), at A, 34.8 /<g.'kg. 5-HT. In (b). at B, 17.4 //g.'kg. 5-HT.
Injections made into malleolar vein on both occasions.
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yawned some seconds after the injection of 5-HT.
If this respiratory response was minimal or absent
antidiuresis did not occur.
Administration of5-HT into theCarotid Artery.—
Intracarotid injections of 5-HT were given 4 times
in the following doses: 8.6 /xg./kg., 9.2 /xg./kg.,
9.4 ;ug./kg., and 18.8 pg./kg. The results were
variable, but it was clear that the effect of 5-HT
was no greater nor was the minimum effective dose
smaller when the drug was given into the common
carotid instead of the malleolar vein (Fig. 3). These
findings agree with those of others, who state that
the action of 5-HT is not a central one (Erspamer,
1954a). With regard to the respiratory effects, these
were no greater, and perhaps less, on intracarotid
than on intravenous injection. This agrees with
the findings of Douglas and Toh (1953) and of
Schneider and Yonkman (1954).
Renal Clearances Following the Administration
of 5-HT.—Renal clearances of diodine and creati¬
nine were measured 15 times on 5 dogs before
and after the injection into the malleolar vein of
doses of 5-HT ranging from 9.2 to 18.5 /ig./kg. The
responses varied considerably, antidiuresis being
observed in 9 of the 15 experiments. In the 9
experiments in which antidiuresis occurred, its
degree varied from one or more transitory depres¬
sions to a prolonged inhibition of urine flow
40 60 80 100
Time (miri.)
Fig. 3.—Record of water diuresis (Angela). 300 ml. water at zero
time. At A, 18.8 /fg.tkg. 5-HT into the left common carotid
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40 60
Time (min.)
Fig. 4.—Record of water diuresis and renal clearances in ml./min.
of diodone (RPF) and creatinine (GFR) in 2 dogs before and
after injection into the malleolar vein of 5-HT. (a) Bouncer;
at A, 10.2 /tg./'kg. (b) Judy; at B, 15 /'g./kg.
(Fig. 4). When depression was transitory both
clearances rose and fell roughly to the same extent
and in parallel with the urine flow, suggesting a
purely vascular origin for the alterations in renal
activity. When there was prolonged inhibition of
urine flow, both clearances fell in 7 out of 9 experi¬
ments ; once the GFR alone and once the RPF
alone decreased. After the initial depression which
lasted for 20 to 25 min. the RFP rose towards or
above the preinjection level, even though the urine
flow was still inhibited. On three occasions the
GFR also increased (Fig. 4).
When urine flow was not inhibited by the
administration of 5-HT both clearance values rose
to a greater or lesser extent (Fig. 4).
Thus 5-HT, in contrast to posterior pituitary
lobe extract, is uncertain and variable in its action
on dog kidney unless given in fairly large doses.
The initial phase of 5-HT antidiuresis seems to
depend on decreased plasma flow and glomerular
filtration rate, the latter especially tending to per¬
sist. The fact that antidiuresis persisted after
recovery of both clearances suggested that the pre¬
liminary reduction of blood supply to the kidney
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6
I
FlO. 5.—Record of water diuresis
(Thisbe). 300 ml. water at zero
time. At, A2, and As. three
separate intra-aortic injections
of 10 /ig. adrenaline. B, 8 pg./
kg. 5-HT intra-aortically. C,
40 pg./kg. 5-HT intra-aortically.
D, 20 pg./kg. 5-HT into the
cubital vein. At top, blood
pressure in mm. Hg.
20 40 60 80 100
Time (min.)
gave rise to some other and more long-lasting
reaction (Verney and Vogt, 1938, 1943), possibly
reflex. Therefore, the reaction of the kidney to
5-HT injected into either the aorta or the cubital
vein was examined. By this means information
might be obtained about the origin of the vascular
changes occurring in the kidney, i.e., whether the
kidney shows a particular sensitivity to the drug,
or whether it simply responds to a change in
vascular conditions elsewhere in the body.
Administration of 5-HT into the Aorta.—The
minor operation of aortic catheterization did not
usually delay the onset of water diuresis. In five
out of six experiments there was no difference from
the normal pattern of diuresis ; only once was its
onset delayed by 30 min. In all instances the
catheter tip was one or more inches above the
origin of the right renal artery. Control observa¬
tions showed that the injection of 2 ml. saline alone
into the aorta had no effect on the rate of urine
flow.
One animal (less) received an intra-aortic
injection of 22 /tg./kg. 5-HT. Three min. after
this dose the urine flow fell from its previous rate
of 6 ml./min. to 5.3 ml./min., and 3 min. later was
again 6 ml./min. This was the only noticeable
response. Respiration was in no way disturbed.
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Owing to a clot in the catheter it was not possible
to repeat the injection. The negative result could
have occurred because the 5-HT was swept past
the renal arteries and did not reach the kidneys.
Another dog (Thisbe) received 8 /rg./kg. 5-HT
into the aorta, showed no change in blood pressure
and inhibition of urine flow for one minute;
40 [ig./kg. caused a small rise of blood pressure
and another transitory fall in the rate of urine flow
(Fig. 5). On both these occasions the reduction
in the rate of urine flow seemed to be due to
ureteric spasm. In this dog it was unlikely that
the 5-HT failed to reach the kidneys, since three
consecutive injections of 10 ^.g. adrenaline given
intra-aortically (Fig. 5) immediately before the
5-HT injections caused the type of urinary inhibi¬
tion always seen after the intravenous injection of
adrenaline. In a third dog (Chris) the intra-aortic
injection of 36 /ag./kg. 5-HT caused a large rise in
blood pressure and inhibition of urine flow (Fig. 6).
Administration of 5-HT into the Cubital Vein.—
When 5-HT was injected into the malleolar vein the
appearance of antidiuresis was correlated to the
degree of the respiratory response (see top of p. 37).
It was therefore possible that both antidiuresis and
panting depended on changes in the vascular bed
in the thorax, or on direct stimulation of sensory
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Fig. 6.—Record of water diuresis (Chris). Effect
of intra-aortic injection, at A, of 36 ^g./kg.
5-HT. At top, blood pressure in mm. Hg.
60 80
Time (min.)
Fig. 7.—Record of water diuresis (Jess). Comparison
of the effect of 5-HT injected into the malleolar
and cubital veins, (a) At A, 13.4 /'g./kg. into
malleolar vein; at B, 13.4 /*g.,'kg. into cubital
vein, (b) O O at A, 13.4/*g./kg. into cubital
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receptors there (Comroe, Van Lingen, Stroud, and
Roncorini, 1953 ; MacCanon and Horvath, 1954 ;
Mott and Paintal, 1953 ; Schneider and Yonkman,
1953, 1954)—that is, that both phenomena were
caused by reflexes arising in the same area. It was
also possible that the variability of the response
after injection of 5-HT into the malleolar vein
depended on the rate at which this substance was
picked up by the platelets, and therefore on the final
concentration of 5-HT reaching some part of the
thoracic viscera. If these hypotheses were valid,
then an injection into the cubital vein should be
more effective than one into the malleolar, because
the path and time to the thorax are shorter ; and
Time (min.)
Fig. 8.—Effect on activity of 5-HT of contact with blood before injec¬
tion into the circulation. Record of water diuresis (Chris). At
A, 18 wg./kg. after 16 sec. contact with dog's own blood; at B,
18 /ig. kg. without preliminary admixture with blood. Both
injections into cubital vein.
5-HT should be inactivated by contact with blood
for a short time. It has been confirmed in 5 dogs
that a given dose of 5-HT is more effective as an
antidiuretic when given into the fore- as compared
with the hind-limb vein, and that a smaller dose is
effective by the former route (see Fig. 7). Further¬
more, a dose injected into the fore-limb vein was
more powerfully antidiuretic than twice that
amount injected into the aorta earlier the same
afternoon (Fig. 5).
Fig. 8 shows the effect of an injection of 5-HT
after contact with blood. For the first injection at
A, after inserting the hypodermic needle in the
cubital vein, 2 ml. blood was withdrawn into the
syringe which already contained 18 fig. I kg. 5-HT
in 1.0 ml. 0.9% NaCl solution. The mixture of
blood and 5-HT containing saline was then imme¬
diately re-injected. The whole procedure was com¬
pleted in 16 sec. For the second injection at B,
18 fig./kg. 5-HT in 1.0 ml. 0.9% NaCl solution was
given into the same vein without preliminary
admixture with blood. In the first instance the
change in rate of urine flow was negligible, but in
the second there was marked antidiuresis. This
shows that contact with blood for 16 sec. is suffi¬
cient to reduce the amount of free 5-HT below
that necessary to produce antidiuresis. This
interval is roughly equal to that between the injec¬
tion into the hind-limb vein of 5-HT or acetyl¬
choline and the respiratory response—that is, the
circulation time from leg to thorax or head in
dogs of 12 to 16 kg. body weight is about 14-16 sec.
The Effect of 5-HT on Blood Pressure.—It was
evident from the intra-aortic records of blood
pressure that in the conscious dog 5-HT produced
the same response as in the anaesthetized animal
—that is, a sharp rise in pressure lasting 2 to 3 min.
and then a gradual fall. In the conscious dog the
preinjection level was re-attained in 11 to 13 min.
It was also clear that there was no inhibition of
urine flow unless there was a change in general
blood pressure (Figs. 5 and 6).
The Effect of 5-HT in the Dog with Diabetes
Insipidus.—Fig. 9 shows that, in a diabetic dog
(Lady), drinking between 5 and 6 1. of water daily,
an intravenous injection of 15.5 fig./kg. 5-HT
caused a brief inhibition of urine flow, probably
due to ureteric spasm, followed by recovery and
then a moderate but longer-lasting inhibition.
31 fig./kg. produced a similar response. Unfortu¬
nately there is no information about the pre-
diabetic response of this dog. Post-mortem histo¬
logical examination of the hypothalamus and pitui¬
tary showed that few supraoptic or paraventricular
cells remained. Those cells present, when stained
with toluidine blue, were pale and agranular, and
when stained with chrome-alum-haematoxylin and
phloxin were loaded with dark material. The
posterior lobe and median eminence were atro¬
phic.
The Effect of 5-HT after Renal Denervation.—
In one dog (Jess) the kidneys were denervated by
stripping the renal pedicles and freeing the kidneys
from all peritoneal connexions. 11 days later an
intravenous injection of 13.5 /tg./kg. 5-HT induced
antidiuresis.
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Fig. 9.—Effect of intravenous 5-HT on water diuresis
in dog C^ady) with diabetes insipidus. At W, 350
ml. water by mouth. At A, 15.5 /xg./kg. 5-HT.
At B, 31 /ig.'kg. 5-HT. Both injections into
malleolar vein.
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Time (min.)
Appearance of the Kidney after the Administra¬
tion of 5-HT.—Once, immediately before killing
an anaesthetized dog (Bouncer), the abdomen was
opened and the kidney watched during the injec¬
tion into the malleolar vein of 26 pg./kg. 5-HT.
Some seconds after the injection the surface of the
organ paled markedly. The colour began to
return 2 to 3 min. later. After waiting 15 min. to
allow time for recovery, a further dose of 26 pg./
kg. was injected intravenously, followed 1 min. later
by a concentrated solution of bromphenol blue in
0.9% NaCl solution. As quickly as possible after
this the left renal pedicle was clamped, the kidney
removed and bisected, and examined under low-
power binocular magnification. Dye was seen
plentifully in the medulla, but in only a few
radial streaks in the cortex. Juxtamedullary
glomeruli were empty of dye. These findings were
confirmed later by histological examination of both
kidneys.
Discussion
The experiments described show that, in the
conscious dog, single intravenous injections of
5-hydroxytryptamine (5-HT) given during water
diuresis cause an inhibition of urine flow. In
normal dogs, the minimum individual effective
dose given into the malleolar vein varied from
10 to 20 pg./kg. In one dog with congenital
absence of the right and fibrosis of the left kidney,
the minimal effective dose was only 4 pg./kg. In
any one dog the degree of antidiuresis induced by
a given dose varied from day to day, even under
constant conditions, and on some days no anti-
diuresis would be seen. Subcutaneous doses of
up to 74 /rg./kg. caused no antidiuresis. These
results in the dog are similar to those of Erspamer
(1954a and b) working on rats. They differ, how¬
ever, in the degree of sensitivity of the two species,
in the most effective route of administration and
in the regularity of response. Erspamer found
that in some rats as little as 4 pg./kg. 5-HT given
subcutaneotisly caused antidiuresis. Clearly dogs
do not exhibit anything like this degree of sensi¬
tivity to subcutaneously administered 5-HT. On
the other hand, rats appear to be fairly insensitive
to its intravenous administration (Erspamer,
1954b), though we have been unable to trace any
published work on the intravenous use of a salt of
the pure base in a study on water diuresis in rats.
Measurements of diodone and creatinine clear¬
ances in dogs showed that during antidiuresis the
values of both RPF and GFR fell rapidly. 20 to
25 min. later RPF rose towards or above pre-
injection levels, even though urinary inhibition
persisted. The GFR, too, might recover during
the phase of urinary inhibition, but usually it
remained depressed for a longer period than the
RPF. When antidiuresis failed to appear in
response to an injection of 5-HT the clearances of
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diodone and creatinine rose. Here, then, dogs and
rats showed similar reactions, in that, when anti-
diuresis occurred, it seemed to depend on a reduc¬
tion in GFR rather than in RPF. That blood
pressure rose and vaginal mucous membrane paled
when antidiuresis followed injection of 5-HT, and,
on the other hand, that clearance values rose when
antidiuresis failed to occur, all suggest that vaso¬
constriction, both generally and in the kidney, is a
prerequisite for antidiuresis. In other words, the
kidney is no more sensitive to 5-HT than are other
areas, and 5-HT, unlike the vasopressor fraction
of posterior pituitary extracts, does not specifically
induce water reabsorption. This agrees with
Erspamer's conclusion that the antidiuresis is
vascular in origin, but is contrary to the idea that
5-HT is a specific renal vascular hormone. Sala
and Castegnaro (1953) believe it is a water re¬
absorbing hormone. They used large doses given
subcutaneously to dogs, and report that antidiuresis
occurred, on occasion, in the absence of any
change in GFR. There was, however, always a
reduction in RPF. They interpret this as meaning
that 5-HT induces specific reabsorption of water.
Unfortunately no observations were made on the
blood pressure which would be greatly increased
by such doses, which would cause complex and
variable changes in the kidney and possibly other
remote effects such as release of antidiuretic
hormone.
Why, in the present experiments, the reaction of
the kidney to 5-HT varied from day to day is
unknown. There seemed to be no relationship to
the size of dose used. The variability may have
depended on the proportion of injected 5-HT
affecting the circulatory system and the proportion
finally reaching the kidney.
No observations were made on the effect of
infusions of 5-FIT as was done by Corcoran, Mas-
son, Del Greco, and Page (1954). They infused
dogs intravenously at rates of 2 to 13 /xg./kg./min.
5-HT, and found no hint of antidiuresis with the
smaller doses and hypotension with the larger.
Judging from the present results the low doses
were probably too small to cause antidiuresis, even
when given steadily over a period of time, since
5-HT is so rapidly removed from the circulation
(Gaddum, Hebb, Silver, and Swan, 1953) that its
concentration is unlikely to rise. The higher doses
were within the antidiuretic range for some dogs,
but hypotension would confuse the issue. The last
complication was absent from the experiments
described in this paper.
The present results on intracarotid injections in
a dog with diabetes insipidus accord with those of
Erspamer (1954a, b) and Barac (1953), who con¬
cluded that an intact posterior lobe was unneces¬
sary for an antidiuretic reaction to 5-HT admini¬
stration, and that no direct central stimulation was
involved.
Certain observations make it unlikely that 5-HT
can be considered a renal hormone. In the dog
the uncertainty and variability of its effect on the
kidney raise the suspicion that its most important
action is at some other site. Compared with the
kidney, the response of the systemic blood pressure,
the ureter (Abrahams and Pickford, 1956a), and
uterus (Abrahams and Pickford, 1956b) show
greater consistency and sensitivity. When 5-HT is
in contact with blood its activity is rapidly reduced,
as was shown by Gaddum, Hebb, Silver, and Swan
(1953) and in the present experiments. When 5-HT
is given by intravenous injection the time during
which it is in contact with blood before it reaches
the ureter, uterus or kidney must be nearly the
same ; yet the smallest injected dose to which the
kidney responds varies from 10 to 20 p,g./kg.,
whereas the other two organs react to doses of
0.5 fig./kg. and 5 pg./kg. respectively—and are thus
more sensitive than the most sensitive kidney. Yet
it might be expected that a hormone would act on
its target organ in lower concentration than that
necessary to affect other organs. The systemic
blood pressure is altered by doses of 5-HT which
are wholly without effect on the rate of urine flow
(Abrahams and Pickford, 1956a). Further, when
5-HT is injected into the aorta, and there was
reason to suppose that the drug was reaching the
kidney, the renal reaction to 40 /ag./kg. was insigni¬
ficant, but there was a marked response to the
intravenous injection of 20 /xg./kg. (Fig. 5).
Furthermore, antidiuresis only occurred when the
general blood pressure was raised, and was never
seen unless there was evident respiratory reaction
to the injection. All these facts made it necessary
to look beyond the kidney for the origin of the
effect of 5-HT on urine flow. Mott and Paintal
(1953) found that 5-HT stimulates vagal fibres
whose origins lie between the great veins and left
atrium ; and 5-FIT is more strongly antidiuretic
when injected into the cubital vein instead of the
malleolar vein or aorta (Fig. 7). It would thus
appear that 5-HT produces antidiuresis mainly by
setting up reflexes from the thorax, probably from
the pulmonary bed, which, by altering the general
blood pressure, affect the kidney.
This does not exclude other modes of action as
well. Page (1952) found that the perfused kidney
shows vasoconstriction in response to 5-HT,
though the reaction is less marked than that to
5-HT ON WATER DIURESIS 43
adrenaline. There is, too, the present observation
that the denervated kidney responded by anti-
diuresis to an injection of 5-HT. This could be
explained as due, in part, to the direct vasocon¬
strictor action of 5-HT ; but also, almost certainly,
to the powers of autoregulation displayed by the
denervated kidney (Sellwood and Verney, 1955).
No substance can strictly be called a renal hormone
because it is active on the denervated kidney,
unless, at the same time, the general blood pressure
is unchanged.
Finally, there is the problem of why the anti¬
diuretic effect of 5-HT sometimes greatly outlasts
an effective blood concentration. Verney and
Vogt (1938, 1943) found that in some dogs a long-
lasting suppression of urine flow followed short
periods of renal arterial occlusion. It may be that
injected 5-HT, by depriving the renal cortex of
blood for as long as 2 or 3 min., which it was
observed to do, has much the same effect as renal
arterial occlusion. Possibly, too, the sharp changes
in blood pressure may cause the release of anti¬
diuretic hormone from the posterior lobe of the
pituitary.
Summary
1. Observations were made on conscious dogs of
the effect during water diuresis of injecting 5-
hydroxytryptamine (5-HT) subcutaneously, intra¬
muscularly, into the malleolar or cubital vein, or
the aorta or carotid artery.
2. 5-HT was most effectively antidiuretic when
injected into the cubital vein, less so when injected
into the malleolar vein or carotid artery, and still
less so when given into the aorta at a point above
the origin of both renal arteries. It was least
effective when administered subcutaneously or
intramuscularly.
3. When injected into the malleolar vein the
minimum effective antidiuretic dose varied from
10 to 20 /rg./kg.
4. Antidiuresis was not regularly seen after a given
dose of 5-HT. When it did occur it was accom¬
panied by obvious respiratory reactions. When
aortic pressure was measured this was seen to rise
at the onset of antidiuresis. The vaginal mucous
membrane also paled. If the respiratory and
vascular reactions were inconspicuous or absent
antidiuresis did not occur.
5. During antidiuresis the renal clearances of
diodone and creatinine fell. One or both values
might increase towards or above preinjection
level before urine flow recovered. When 5-HT
failed to cause antidiuresis both clearance values
rose.
6. The meaning of the results is discussed ; it is
concluded that there are several reasons for the
antidiuretic action of 5-HT, but that it is not a
specific renal hormone.
We wish to record our gratitude to the Upjohn
Company for a generous supply of 5-hydroxytryptamine
creatinine sulphate.
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When observing the action of 5-hydroxytrypt-
amine (5-HT) on the rate of urine flow in conscious
dogs it was often noticed that almost immediately
after an intravenous injection of this substance
there was a brief marked slowing of urine flow,
followed by an equally brief period of rapid flow
before the appearance of the long-lasting anti-
diuresis described by Erspamer (1954) (Fig. 1).
These fluctuations in rate of urine flow lasted no
more than 2-3 min. and could be most easily ex¬
plained as due to temporary spasm of the ureters.
It was decided, therefore, to examine the response
of the ureter in situ to 5-HT. Moreover, it
was of interest in connexion with the antidiuresis
seen after 5-HT to know whether renal function
was affected by smaller or greater doses than
those which had an action on smooth muscle
such as that of ureter, uterus and of the vascular
system. At the same time, the opportunity was
taken of observing the effect of some other drugs
on the ureter, and of the effect of 5-HT on the
blood pressure of the anaesthetized dog.
Methods
Nine dogs were anaesthetized either with chloralose.
0.1 g./kg., or with pentobarbitone sodium, 0.033 g./
kg., intravenously. The abdomen was opened through
a midline incision and a length of ureter, of 2 inches
or more, was prepared for perfusion through its lumen
by inserting one cannula into its upper end just below
the renal pelvis, and another into its lower end either
immediately above the bladder, or, from within the
bladder, through the ureteric orifice. Care was taken
when tying in the cannulae to leave the main ureteric
blood vessels outside the ligatures so that the ureter
kept its normal blood supply and, to some extent, its
normal innervation. This arrangement made it pos¬
sible for solutions injected into distant veins to reach
the ureter by the normal route. The lumen of the
ureter was perfused with 0.9% NaCl solution from a
Nlariotte bottle connected with one or other cannula,
so that the pressure and direction of perfusion could
be controlled. Inflow and outflow from the ureter
were connected to the exterior by fine rubber tubes
Time (min.)
Fig. 1.—Part of a water diuresis curve in a conscious dog. 350 ml.
water given by mouth 65 min. before the intravenous injection,
at arrow, of 12.7 /ig. kg. body weight 5-HT. Ordinate, urine
flow in ml./rain. Abscissa, time in min.
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Flo. 4.—Effect of intravenous adrenaline and noradrenaline on flow
through the ureter. Upper record, 5 pg. (—)-nora'drenaline
Lower record, .5 ft&. (—)-adrenaline. In each record: top line,
arterial blood pressure; 2nd line, ureteric flow; 3rd line, time
in 10 sec.; bottom line, signal marker.
Intermittency was not due to resistance in the
perfusion system, since at any pressure above zero
a steady, more or less rapid, stream of fluid passed.
If the blood supply of the ureter was occluded, or
if anaesthesia was deep, there was no intermittency
of flow, and instead a continuous series of drops
emerged from the lower cannula. The results were
the same whether chloralose or pentobarbitone
sodium was the anaesthetizing agent. On two
occasions the ureter was perfused from its lower
end. Despite this reversal of direction the pattern
of flow was unchanged.
With this information available, observations on
the actions of drugs on the ureter were made at
perfusion pressures between 25-30 cm. water unless
mm. Hg
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otherwise stated, and only on ureters that showed
intermittency of flow.
Effect of 5-HT.—Fig. 3 shows the effect on flow
through the same ureter of three different con¬
centrations of 5-HT given into the saphenous vein.
With increase in amount of the drug, flow was
held up for a longer period. Since, in the con¬
ditions of the experiments, the pressure above a
ureteric block did not build up as it would have
done in natural circumstances (see Fig. 1), no secon¬
dary rush of fluid could be expected, and none was
seen. The minimum intravenous dose observed
to have an effect on the ureter was 3.6 /xg./kg.
(Fig. 3). It can also be seen from Fig. 3 that the
cessation of ureteric flow began just after the onset
of the blood-pressure rise, and that flow returned
before the blood pressure fell to its initial level.
If, during the inhibition of flow caused by 5-HT,
the perfusion pressure was quickly raised to 55
or 60 cm. water, then ureteric flow started again
immediately.
Effect of Adrenaline and Noradrenaline.—Fig. 4
shows that both adrenaline and noradrenaline
caused a short-lasting cessation of transureteral
flow which occurred during the period of increased
arterial pressure. On one occasion, 2 min. after
the intravenous administration of 2 mg. of phentol-
amine, (2-7V-w-hydroxyphenyl-p-toluidinomethyl-
iminazoline, " Rogitine ") neither ureter nor blood
pressure reacted to 10 ^g. adrenaline.
Effect of Extracts of Posterior Lobe of Pituitary.—
Doses of vasopressor extract up to 10 mU. were
without effect on the pattern of flow through the
ureter. On the other hand, 50 sec. after 50 mU. of
the oxytocic fraction had been given there was a
temporary decrease in the rate of flow, whilst
following 100 mU. the number of drops in a series
Fig. 5.—Effect of intravenous oxytocin
on flow through the ureter. Upper
record, 50 mU. at signal; lower record
100 mU. at signal. In each part: top
line, arterial pressure; 2nd line, drop
record of ureteric flow; 3rd line, time
in 10 sec.; bottom line,signal marker.
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passing either through the midline incision or through
stab wounds in the flank. The rate of flow of fluid
through the ureter was measured by means of a drop
recorder. Carotid or femoral arterial pressure was
recorded from a mercury manometer. The abdomen
was closed before observations were begun.
5-HT was administered in the form of the creatinine
sulphate, but all doses are calculated and given as the
weight of base/kg. body weight. Posterior lobe ex¬
tracts used were " Pitressin " and " Pitocin " of Parke,
Davis & Co. Synthetic (—)-adrenaline and ( — y
noradrenaline bitartrate were made up shortly before
use in 0.9% NaCl solution in such concentration that
the volume injected was never more than 1.0 ml.
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Results
It was found that no fluid passed through the
ureter when the perfusion pressure was below a
critical level which varied somewhat in different
dogs. Usually the limiting pressure was about
20 cm. water, but in some dogs it was as low as
15 cm. Just above the minimum effective pressure,
drops appeared at regular intervals in ones, twos
or threes. At somewhat higher pressures a num¬
ber of drops passed through quickly, regularly
followed by a short pause (Fig. 2). Further
22
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Fig. 2.—Pattern of flow through the ureter at different intralumenal
pressures. Upper line is drop record of ureteric flow, the
numerals above which indicate the number of drops appearing
from the ureter at each outflow-spurt of the perfusion fluid.
Lower line, time in 10 sec. Intralumenal pressures in cm. water.
Fig. 3.—Effect of intravenous 5-HT on flow through the ureter, and
on arterial pressure. Top record, 3.6 /ig./kg. 5-HT; middle
record, 10.8 /ig./kg. 5-HT; bottom record, 18 /tg./kg. 5-HT.
In each record: top line, arterial pressure; 2nd line, drop record
of ureteric flow; 3rd line, time in 10 sec.; bottom line, signal
marker.
increase of perfusion pressure increased the num¬
ber of drops between pauses until a point was
reached when the drops came steadily and con¬
tinuously. This pressure varied greatly between
dogs, ranging from 40-60 cm. water. In any one
experiment the pattern of flow through the ureter
remained constant for a given perfusion pressure.
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decreased and the length of the pauses between
series increased for more than 5 min. (Fig. 5).
Effect of 5-HT on Arterial Blood Pressure.—
In 9 dogs given 41 injections of 5-HT ranging
from 3.6 /iig. to 84 ^/.g./kg., only twice (Fig. 6)
was there any fall of blood pressure. Both
occurred in the same dog following the injection
of 4 jag./kg. 5-HT. Later, this animal gave a pure
FIG. 6.—Blood-pressure record. Dog, pentobarbitone sodium. At
signal, 3.6 /ig./kg. 5-HT intravenously. Illustrates the only
occasion on which any fall of pressure occurred after the initial
rise.
pressor response to the same or larger doses. Two
other dogs given 4 /ig. and 2 jug./kg. of 5-HT
showed only a rise of blood pressure. On all other
occasions 5-HT caused an immediate rapid rise in
blood pressure which lasted about 60 to 70 sec.
The pressure then fell to within 8-10 mm. Hg of
the preinjection level, thereafter falling slowly over
some minutes. This occurred after moderate as
Table I
to show time for fall of blood pressure to
normal after intravenous 5-ht
Four examples picked at random
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well as after large doses of 5-HT (Fig. 7). Table
I gives four examples, picked at random from the
records, showing the time before the blood pressure
recovered completely. Thus, in anaesthetized dogs,
the intravenous administration of 5-HT had a pure
pressor action which lasted some minutes. The
response to the intracarotid injection of 5-HT was
always a marked, but short-lived, pressor effect
(Fig. 7).
d
Fig. 7.—Blood pressure record. Dog, pentobarbitone sodium.
Comparison of the effect in the same dog of 12.5 /'g./kg. 5-HT
given into the femoral vein (upper record), and into the carotid
artery (lower record).
Discussion
The preliminary observations on ureteric activity
showed that between certain perfusion pressures
fluid emerged from the lower end of the ureter
in small rushes with regular pauses between. Since
the abdomen was closed, peristalsis was not
actually seen ; but the observations are in accord
with clinical and experimental work showing that
the ureters have peristaltic activity, and that urine
enters the bladder in spurts. Much of the experi¬
mental work on the ureter has been done on the
excised organ observed in a bath, but Trattner
(1932) noted the response of the human ureter
in situ and found that contractions appeared in it
with an intralumenal pressure of 0-12 cm. water
and were maximal between 3 and 18 cm. water. Fie
also found that peristalsis disappeared at 38-70 cm.
pressure. Lucas (1908) found that a pressure of
15 cm. water applied at the lower end of the isolated
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ureter of dogs was not transmitted to a higher level
—that is, the muscle was able to remain contracted
against this force. Morales, Crowder, Fishman,
and Maxwell (1952) observed in dogs with exteri¬
orized trigones that at high rates of urine flow,
which presumably means at high renal pelvic pres¬
sures, the urine came in a continuous jet and not
in spurts. All these pressure values and reactions
are similar to those recorded here, namely, that
intermittent flow began at about 15 cm. water and
became continuous at various pressures from 40 cm.
upward. It is surprising that the ureter seems to
work as well in reverse as in the normal direction,
but Gruber (1930) noticed the same phenomenon
in the isolated ureter of pigs. The preparation
used may thus be considered a reasonably normal
one, and consequently suitable for study of the
action of 5-HT and other drugs.
The ureter of the dog was sensitive to as little
as 3.6 jug./kg. 5-HT given intravenously, and
reacted by a spasm lasting 1 to 2 min. which began
almost immediately after injection. It appeared
that the ureteric muscle relaxed sooner than that
of the vascular system, but it may be that the per¬
fusion pressures used were sufficient to force open
the ureter during the phase of recovery from
spasm. It seems clear that the rapid swings in rate
of urine flow seen immediately after the intra¬
venous injection of 5-HT can be fully explained
by its action on the- ureter; the contraction holds
back the urine, which accumulates in the renal
pelvis, so that, when relaxation occurs, a consider¬
able volume is delivered in a short time.
Several workers (Gruber, 1930 ; Lucas, 1908 ;
Roth, 1917) have found that the isolated ureter
responds to adrenaline by an increase in tone or
strength of contraction. This accords with the
present findings on the intact ureter, that both
adrenaline and noradrenaline temporarily inhibit
transureteral flow during the phase of greatest
increase in arterial pressure.
Ross and Stehle (1930) showed that an intra¬
venous injection of 1 mg. of a laboratory-made
posterior pituitary lobe extract had a constrictor
action on the ureter that was inadequate to account
for antidiuresis. The observations described above
show that an antidiuretic dose (10 mU.) of the
vasopressor fraction has no perceptible effect on
the ureter, whereas the oxytocic fraction, in
amounts that may well occur in a limited number
of normal circumstances (Abrahams and Pickford,
1954), does cause contraction of the ureteric, as of
the uterine, muscle.
With regard to the effect of 5-HT on blood
pressure, the results were only in part the same as
those obtained by other workers. Only in one
dog was there any secondary hypotensive effect.
On all other occasions the response was purely
pressor, and no late sustained fall of pressure was
seen even after large doses (Page and McCubbin,
1953). Why these results were different is un¬
known. Intracarotid injections of 5-HT caused a
sharp rise of blood pressure, with return to normal
in about 1 min. The response was immediate, and
no secondary fall of pressure was ever seen. Thus
5-HT may have a transient central action (cf. Hey-
mans and Heuvel-Heymans, 1953). That the
responses to intracarotid and intravenous injection
of 5-HT were somewhat different may depend on
the rate at which 5-HT is removed from the circu¬
lation (Gaddum, Hebb, Silver, and Swan, 1953).
The object of the observations on blood pressure
was not to re-examine the mechanism of action of
5-HT but to determine the dose which, given intra¬
venously, had a measurable effect on the blood
pressure, and to compare it with the dose to which
other systems or tissues reacted. In Fig. 3 the
response of the ureter is clearly a threshold one,
yet the pressor response is well developed ; thus
it may be concluded that the ureter is less sensitive
than the arterial pressure to 3.6 jug./kg. The uterus
of the conscious and anaesthetized dog contracts
in response to an even lower concentration than
that which affects the blood pressure (Abrahams
and Pickford, 1956a). As described in another
paper (Abrahams and Pickford, 1956b), antidiuresis
is rarely seen after single intravenous doses of
5-HT of less than 10 /ug./kg. Thus, whatever may
be the reason or reasons for the hypertensive
action of 5-HT, a rise in general blood pressure is
provoked by a smaller dose of 5-HT than affects
either ureter or kidney, but needs a larger one than
causes contraction of the uterus.
Summary
1. In the anaesthetized dog observations were
made on the activity of the ureter left in situ, with
blood supply intact, and the lumen perfused with
0.9% NaCl solution.
2. At perfusion pressures of about 15 cm. water,
or more, small volumes of fluid at regular intervals
passed through the ureter.
3. At pressures of 40 cm. water and upward, the
actual pressure varying with the individual, a con¬
tinuous series of drops passed through the ureter.
4. Intravenous 5-hydroxytryptamine, by causing
contraction of the ureteric muscle, completely pre¬
vented the passage of fluid through its lumen for
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1 to 2 min. and slowed the flow for a further period
of 1 to 2 min.
5. Both adrenaline and noradrenaline caused a
transitory contraction of the ureteric muscle.
6. Given in adequate antidiuretic dose, the vaso¬
pressor fraction of posterior lobe extract was with¬
out effect on the ureter. The oxytocic fraction
caused contraction of the muscle.
7. In dogs, anaesthetized with either chloralose
or pentobarbitone sodium, 5-hydroxytryptamine
rarely caused other than a pure pressor response,
whether given into the carotid artery or intra¬
venously.
A few days before our manuscript was submitted a
paper appeared in J. Physiol. (1955, 129, 436) on " The
Behaviour of the Intact Ureter in Dogs, Rabbits and
Rats" by D. \V. Gould, A. C. L. Hsieh and L. F.
Tinckler. There is no disagreement between the con¬
clusions reached by these authors and by us.
We wish to express our gratitude to the Upjohn
Company for a generous supply of 5-hydroxytrypt-
amine creatinine sulphate, and to Messrs.. Ciba for a
supply of " Rogitine."
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THE EFFECT OF 5-HYDROXYTRYPTAMINE ON THE UTERUS
OF CONSCIOUS AND OF ANAESTHETIZED DOGS
BY
V. C. ABRAHAMS and MARY PICKFORD
From the Department of Physiology. University of Edinburgh
(received october 12, 1955)
The following observations were made on the
response of the uterus of the dog to 5-hydroxy-
tryptamine (5-HT) in order that it might be possible
to compare the minimum dose to which this organ
reacts with the minimum effective dose for the
ureter, the kidney, and the systemic blood pressure,
in the same species.
Methods
Observations were made on conscious and anaes¬
thetized bitches. The former were ovariectomized and
provided with a fistula of one uterine horn ; the spon¬
taneous and induced movements of the uterus were
recorded by means of a balloon inserted into the
lumen. The method has previously been described
(Abrahams and Pickford, 1954). Four dogs were
observed under anaesthesia which was induced by the
intravenous administration of 0.1 g./kg. chloralose
in 0.9% NaCl solution. For 7 to 10 days before
observation the dogs received 0.25 to 0.5 mg. stilb-
oestrol dipropionate in oil (British Drug Houses pre¬
paration) given subcutaneously on alternate days. Two
of the 4 animals were subjected to a preliminary opera¬
tion 2 days before the experiment. One uterine horn
was exteriorized so that its movements could be
recorded by means of a balloon, as in the conscious
dogs. In the other 2 dogs the preliminary operation
was omitted, and, instead, uterine contractions were
recorded by tying a thread to the upper end of one
uterine horn and passing it over pulleys to a lever
writing on a kymograph. The lower end of the uterus
was fixed by gripping the cervix in volsellum forceps
passed up the vagina, the forceps then being clamped
to a stand. The abdominal incision was closed round
a wide glass tube filled with warm paraffin which
guarded the uterine horn and its attached thread.
Unless otherwise stated all injections were made into
the malleolar vein. 5-HT was administered in the form
of the creatinine sulphate dissolved in 0.9% NaCl
solution. All doses are calculated and given as ,«g.
base/kg. body weight.
Results
Conscious Dogs.—Observations were made on 3
dogs, whose uteri all showed regular spontaneous
contractions. In all 3 the uterus gave the same
type of response to an intravenous injection of
5-HT, namely, a contraction which was usually
larger than the spontaneous ones, followed by a
period of quiescence during which spontaneous
contractions were suppressed and tone sometimes
diminished (Fig. 1). The minimum effective dose
was less than 1 p.g./kg.; 17 jug./kg. was a supra¬
maximal dose, since the contraction induced was
no larger, nor the inhibition longer in duration,
than after the injection of 10 /xg./kg. The longest
observed period of inhibition was 7 min.
Anaesthetized Dogs.—In all 4 animals, regard¬
less of the recording system used, the response to
~T I 1 I 1 I I I I I I I
Fig. 1.—Tracing from record of uterine contractions in conscious dog.
Effect of 1.4 ^g./kg. 5-HT intravenously at arrow. Upward
movement indicates contraction. Upper line, uterine contrac¬
tions. Lower line, time in 50 sec.
the intravenous injection of 5-HT was the same
as that of the conscious dog, with the addition that
a loss of tone was apparent (Fig. 2). The minimum
effective dose in 3 dogs was less than 1 p.g./kg.,
and in one was 0.45 pg./kg. The effect of intra¬
venous and intracarotid injections was compared.
An intravenous dose of 3 g-g./kg. caused a con¬
traction, followed by an inhibition lasting 5.5 min.
The same dose given into the carotid artery caused
a contraction followed by an inhibition lasting 2
min.
Discussion
These experiments show that the uterus of the
dog, when in situ, is highly sensitive to 5-HT and
responds to the intravenous injection of 1 pg./kg.,
or even less, by a contraction, followed by some
minutes' inhibition. No tachyphylaxis was shown
.5-HYDROXYTRYPTAM1NE ON UTERUS 51
Fig. 2.—Tracing from record of
uterine contractions in anaes¬
thetized dog. Effect of intra¬
venous administration of 5-HT.
Downward movement indicates
contraction. Upper two lines,
uterine contractions. Lowest
line, time in 10 sec. In A, 0.45
Hg./kg. 5-HT at arrow; in B,
2.5 fjg.'kg. 5-HT at arrow.
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to injections given repeatedly at 10 to 15 min.
intervals. The action of 5-HT appears to be
wholly peripheral, since intravenous injections were
more effective than intracarotid ones, and the
results were the same whether or not the dog was
anaesthetized. The response of the uterus differs
from that of the ureter, since, in the latter, there
was no sign of any inhibitory phase following the
contraction of the muscle (Abrahams and Pick-
ford, 1956a). It is clear that the uterus of the dog
is more sensitive to intravenous injections of 5-HT
than is the ureter, kidney or general blood pressure
(Abrahams and Pickford, 1956a and b).
Summary
1. The effect of 5-HT on the uterus of dogs was
observed, both in conscious animals and in those
anaesthetized with chloralose.
2. In response to an intravenous injection of 5-
HT the uterus gave a contraction which was often
greater than those occurring spontaneously. This
was followed by a period of inhibition which might
last for as long as 7 min.
3. In all dogs tested the minimum effective intra¬
venous dose was less than 1 pg./kg. In one dog
it was 0.45 ^g./kg.
We wish to record our gratitude to the Upjohn
Company for a gift of 5-HT.
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OBSERVATIONS ON A CENTRAL ANTAGONISM BETWEEN
ADRENALINE AND ACETYLCHOLINE
BY V. C. ABRAHAMS AND MARY PICKFORD
From, the Department of Physiology, University of Edinburgh
[Received 24 October 1955)
In a previous paper (Duke & Pickford, 1951) experiments were described in
which unanaesthetized dogs received intravenous injections of adrenaline and
acetylcholine, either singly, together, or in rapid sequence during the course of
water diuresis. About half the number of times that adrenaline was given with
or just before acetylcholine the reduction in race of urine flow, usual after
injection of acetylcholine alone, was prevented. At other times adrenaline
seemed to reinforce the acetylcholine action, or had no effect on the normal
response to it. Reasons were given for thinking that adrenaline interacted
with acetylcholine in the central nervous system, possibly at the supraoptic
nuclei, and that the inconstancy with which acetylcholine was inhibited by
adrenaline was owing to the intravenous route of administration, which made
impossible any control of the amount of the drugs reaching the central nervous
system.
In the work to be described here adrenaline and acetylcholine either singly,
together, or in sequence were injected into the carotid artery of conscious dogs.
The object was to test whether the response to the drugs given by this route
was more regular than when they were given intravenously: i.e. to determine
whether their combined action was a central one as previously suggested.
METHODS
Seventy observations were made on four bitches (weights, 10, 10, 11-5 and 13 kg), mainly on two
of them. In all animals the dorsal perineum had been slit to facilitate catheterization of the
urethra. They were also provided with denervated carotid loops. On any day when observations
were made the dogs were hydrated in the morning and 2J to 3 hr later diuresis was induced with
250-300 ml. water by mouth. About 10 min after the water 2 mg atropine sulphate was injected
subcutaneously, and 45—60 min after the water they received the intracarotid injections. The
amount of acetylcholine given was always 200pg because this was found to give a maximal and
reproducible inhibition of water diuresis in dog3 of this size. The quantity of adrenaline HC1 varied
from 0-5 to 40 pg. The drugs were made up in 0-9% NaCI solution, and the volume injected was
always 0-2 ml.
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Since the drugs were given in rapid succession, both injections were made through the same
hypodermic needle so that the carotid artery wa3 punctured only once in each experiment. The
injection apparatus was assembled as follows. A short length of soft rubber tubing was tied at
one end to the hypodermic needle and at the other to a short length of glass tube. The glass in
turn was joined to the syringe by 4 in. of polythene tube. Polythene was chosen since its in¬
elasticity allowed injections to be made rapidly against the considerable resistance of the fine
needle and the carotid blood pressure. The glass junction made it easy to see blood withdrawn
when making certain that the artery had been entered. The procedure was then as follows. The
syringe, tubing and needle were filled with the solution that was to be injected first. As soon as
the needle was in the artery the first injection was made, then as quickly as possible mosquito
forceps were put on the rubber tubing close to the needle, partly to prevent reflux of blood from
the artery, and partly to ensure that the second injection went forward into it. At the chosen
time the second injection was made with a second syringe and needle through the rubber directly
into the socket of the intra-arterial needle. In this way dead space was reduced to less than
0-02 ml.
The adrenaline used was the 1 mg/ml. mixed dl solution supplied by Messrs Parke Davis and Co.
Acetylcholine solutions were made up freshly each day immediately before use.
RESULTS
Fig. la (curve A) shows the effect, oil the rate of urine flow during water
diuresis, of 200pg acetylcholine injected intra-arterially. The effect of this
amount of acetylcholine is almost the same as that of 1 m-u. of vasopressor
activity of the posterior pituitary gland given intravenously (Fig. 1 a, curve P).
Fig. 1 6 shows the effect of 2/xg adrenaline in solution injected into the carotid
artery of the same dog. These responses are typical of those seen in all the
dogs used. Fig: 2 shows the effect of injecting 2jag adrenaline followed in
11 sec by 200/xg acetylcholine. The injections caused a fleeting irregularity in
the rate of urine flow, but no inhibition comparable to that seen after acetyl¬
choline alone. Provided certain conditions mentioned below were observed
adrenaline in this dose never failed to prevent the inhibition of urine flow
which occurred when acetylcholine alone was injected.
Timing of the injections relative to each other. The time between the injections
was varied from 8 to 60 sec, 8 sec being the least time in which the necessary
manipulations could be made. The drugs were also given simultaneously,
having been mixed in the syringe immediately before use. When the drugs
were given simultaneously the urine flow was inhibited as though acetylcholine
alone had been given. With an 8 sec interval between the injections of adrena¬
line and acetylcholine sometimes urine flow was inhibited and sometimes it
was not. When at least 10 sec was allowed between injections the usual
inhibitory effect of acetylcholine was never seen.
When the time between the two injections was increased up to 38 sec
adrenaline still invariably antagonized the effect of acetylcholine. Fig. 3 a
shows the type of response seen when the interval was 30 sec. If the time was
longer than 38 sec, and up to about 45 sec, one of two things might happen:
either there was moderate reduction in the rate of urine flow (Fig. 36), or rapid
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temporary fluctuations appeared (Fig. 4a). If the interval between injections
was increased beyond 45 sec and up to 60 sec then the urine flow was always
inhibited to the same extent as if acetylcholine had been given alone (Fig. 46).
Thus, in order that the inhibition of urine flow normally caused by acetyl¬
choline might with certainty be antagonized, either wholly or in part, it was
necessary to inject adrenaline from about 8 to 45 sec before the acetylcholine.
Fig. 1. Three water diuresis curves in the same dog. (a) At the arrow in curve A, 200pg acetyl¬
choline injected into the carotid artery. At the arrow in curve P, 1 m-u. vasopressor extract
injected intravenously. (b) At the arrow, 2fig adrenaline injected into the carotid artery.
Fig. 2. Water diuresis curve. At the arrow, 2 fig adrenaline followed 11 sec later by
200ng acetylcholine injected into the carotid artery.
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The dose of adrenaline necessary to antagonize acetylcholine. The quantity of
acetylcholine inj ected was kept constant at 200 /zg, and the amount of adrenaline
was varied. The time between injections of the two drugs was in the range
10-30 sec. In all four dogs 2p.g adrenaline always prevented acetylcholine
inhibition. In one of them lyg (Fig. 5a), and on occasion, even 0-5/zg
adrenaline was sufficient. In the other three 1/zg only partially antagonized
acetylcholine, or more often entirely failed to do so.
Min
Fig. 3. Two water diuresis curves from the same dog. (a) At the arrow, 2 fig adrenaline followed
30 sec later by 200fig acetylcholine injected into the carotid artery. (6) At the arrow,
Fig. 4. Two water diuresis curves from the same dog. (a) At the arrow, 2 fig adrenaline followed
40 sec later by 200fig acetylcholine injected into the carotid artery. (6) At the arrow,
2 fig adrenaline followed 60 sec later by 200fig acetylcholine injected into the carotid artery.
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On two occasions adrenaline in a dose of 3/xg was as effective as 2 fig in
inhibiting the action of acetylcholine. Three times, however, this amount only
partially prevented the effect of acetylcholine. Once a slight antagonism was
seen, using 5 fig adrenaline. More commonly, with the 4 and 5/xg doses of
adrenaline, and certainly with a 10/xg dose, followed by 200/xg acetylcholine,












Fig. 5. (a) Water diuresis curve in dog 102. At arrow, l^g adrenaline followed IS sec later by
200 pg acetylcholine injected into the carotid artery. (6) Water diuresis curve in dog 104.
At arrow, 4 pg adrenaline followed 30 sec later by 200pg acetylcholine injected into the
carotid artery.
Given alone intracarotid injections of 10, 20 and 40fig adrenaline in solution
caused either no inhibition of urine flow, or a brief spiked inhibition similar to
that seen when the same dose was injected intravenously (Fig. 6).
Effect of adrenaline and acetylcholine on respiration. When a dose of acetyl¬
choline, sufficient to inhibit urine flow, was injected into the malleolar vein of
an atropinized dog there always followed, 12-16 see later, a sighing respiration.
"When 200 fig acetylcholine was given into the carotid artery the sigh followed
almost immediately. Since the carotid sinus and body were always denervated
the respiratory response could not be a reflex arising from the latter. By its
timing the sigh appeared to be of central origin and not due to any change in
general blood pressure. It was noticed that the sigh still occurred even when
the intracarotid injection of acetylcholine was preceded by a dose of adrenaline
adequate to antagonize the renal action of acetylcholine. Adrenaline by itself
induced no sigh.
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Fig. 6. Water diuresis curves from 2 dog3. O O, At A, 10/tg adrenaline injected into the carotid
artery; ©—©, at B, 40fig adrenaline injected into the carotid artery; at C, 40/tg adrenaline
injected intravenously.
DISCUSSION
Normally an intracarotid injection of 200pg acetylcholine caused a decrease
in the rate of urine flow during water diuresis by releasing antidiuretic hormone
from the posterior pituitary (Pickford & Watt, 1951). The results recorded
above show that when the intracarotid route was used an injection of adrena¬
line consistently antagonized the effect of acetylcholine given later, provided
that the size and timing of the doses of the two drugs were within certain
limits. For clear-cut antagonism the shortest time interval between injections
of adrenaline and acetylcholine was about 8 sec, and the longest 38-45 sec.
The effect of a 200 pg dose of acetylcholine was always annulled by 2pg
adrenaline, sometimes by 1 pg or (in one dog) by 0-5pg. Using greater amounts
of adrenaline, 3pg sometimes completely antagonized the action of acetyl¬
choline. More often 3, 4 and 5 pg adrenaline only partly prevented the inhibi¬
tion of urine flow seen when acetylcholine alone was given. With a 10pg dose
of adrenaline followed by acetylcholine the urine flow was inhibited to the
same extent as by the latter alone.
These results strengthen the earlier conclusions (Duke & Pickford, 1951) that
adrenaline and acetylcholine interact centrally, and that the former can prevent
the release of posterior lobe hormone usually caused by the latter. Time, about
8 sec, is necessary for this action of adrenaline to develop, and it then endures
for not more than 35-40 sec. How these two drugs interfere with each other
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is unknown. The adrenaline could, by a constrictor effect on the capillaries
round the supraoptic cells, simply prevent access to acetylcholine. Such a con¬
strictor action would be highly specific, since acetylcholine is not prevented
from reaching the centre responsible for the disturbance of respiration. Since,
further, it is difficult to see why 2 pg adrenaline should constrict the supraoptic
capillaries, and 4, 5 and lOpg fail to do so, this seems an unlikely cause for the
antagonism between these two drugs. Possibly the adrenaline directly
antagonizes the action of acetylcholine on the supraoptic cells. If so, it is
difficult to explain the disappearance of the local antagonism when the dose
of the antagonist is increased. A further possibility is that the neurones whose
axons terminate on the supraoptic cells and there exert an inhibitory action,
are stimidated by small doses of adrenaline, but paralysed by high concentra¬
tions. This would explain how small doses of adrenaline, by remote action,
block the effect on the supraoptic cells of the later arriving acetylcholine,
whilst large doses leave these neurones free to respond to acetylcholine.
Since the respiratory effect of acetylcholine was not abolished by any dose
of adrenaline used in these observations it is evident that these two substances
are not antagonistic at all sites in the central nervous system.
SUMMARY
1. During water diuresis in dogs provided with carotid loops adrenaline and
acetylcholine were injected into the carotid artery either singly, together, or
in sequence.
2. An injection of 100pg acetylcholine caused an antidiuresis equivalent to
that due to the intravenous injection of 1 m-u. vasopressor extract of the
posterior pituitary. An injection of 2-40 pg adrenaline caused a brief
antidiuresis.
3. If 2pg adrenaline and 200pg acetylcholine were simultaneously injected
the resulting antidiuresis was similar to that seen when acetylcholine alone
was injected.
4. The antidiuretic action of an injection of 200pg acetylcholine was pre¬
vented by a previous intracarotid injection of about 1-3pg adrenaline, pro¬
vided that the adrenaline preceded the acetylcholine by not less than about
8 sec and not more than about 45 sec.
5. The interference between the actions of adrenaline and acetylcholine
occurs in the central nervous system, but its site and mode of action is
unknown.
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THE EFFECT OF ANTICHOLINESTERASES INJECTED INTO
THE SUPRAOPTIC NUCLEI OF CHLORALOSED DOGS ON THE
RELEASE OF THE OXYTOCIC FACTOR OF THE
POSTERIOR PITUITARY
BY V. C. ABRAHAMS AND MARY PICKFORD
From the Department of Physiology, University of Edinburgh
(Received 27 February 1956)
In a paper by Duke, Pickford & Watt (1950) experiments are described in
which diisopropylniiorophosphate (DFP) injected amongst the supraoptic
nerve cells of dogs gave rise, after an immediate and profound inhibition of
the rate of urine flow, to a temporary diabetes insipidus lasting from 4 to 19
days, and then an inability lasting 89-139 days to respond by antidiuresis to
an intravenous injection of acetylcholine. Thereafter there was an apparently
complete return to normality. From these observations, and some earlier
ones (Pickford, 1947), it was concluded that acetylcholine was the transmitter
at the supraoptic neurones. Since antidiuretic hormone (ADH) always seems
to be released in company with the oxytocic factor of the posterior lobe of the
pituitary it seemed probable that the oxytocic factor, too, depends for its
liberation on a similar cholinergically transmitted stimulus.
In the experiments described in this paper eserine and DFP were injected
amongst the supraoptic neurones of anaesthetized dogs and the effect on
uterine movements noted. The results showed that spontaneous uterine activity
increased following the injection of these two drugs into the supraoptic nuclei,
but that it was unaffected by the injection at the same site of small volumes of
0-9% NaCl solution.
METHODS
The first stage of the experiments was to give each animal four doses of 0-5 mg stilboestrol dipro-
prionate in oil (British Drug Houses) subeutaneously on alternate days in order to sensitize the
uterus to the action of posterior pituitary oxytocic factor and to induce spontaneous activity.
The day after the last stilboestrol injection a preliminary aseptic operation was performed under
sodium pento-barbitone anaesthesia to expose the pituitary gland and optic chiasms. Early the
following morning when the animal was well and lively it was given half a pint of milk to which
water and glucose were added. Two or three hours later anaesthesia was induced either by giving
OTA g chloralose per kg body weight by mouth in 250-300 ml. water, or by the intravenous
injection of 0-1 g chloralose per kg body weight in 0-9% NaCl solution. Two methods were used
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for recording uterine movements. In the first, a balloon inserted into the uterus contained water
in continuity with that in a small reservoir held 25 cm above the level of the uterus. Changes in
water-level in the reservoir caused by uterine contractions were transmitted by air to a 5 ml.
volume recorder provided with a stylus writing on a kymograph. The abdomen was closed after
insertion of the uterine balloon. In the second method, the upper end of one uterine horn was
freed and tied to a thread passing over pulleys to a recording lever. The uterus was prevented from
cooling and drying by passing it through a glass tube filled with warm paraffin. The abdomen was
closed round the tube. In both methods the lower end of the uterus was fixed by gripping the
cervix in volsellum forceps passed up the vagina, the forceps being clamped to a stand. The DFP
was made up immediately before use as a part solution-part emulsion in 0-9% NaCl solution and
well shaken. The eserine salicylate was also made up immediately before use. The volume of the
injections was 0-002 ml. The method of making the injections lias already been described
(Piekford, 1947).
Fig. 1. Record of uterine contractions. A, normal spontaneous movements; B, 30 rain after
injection of 40fig eserine salicylate into the left supraoptic nucleus; C, 00 min after the
injection. Time, 10 sec.
RESULTS
Observations were made on a total of seven dogs. The results were the same
whichever system of recording or anaesthesia was used. Following the pre-
treatment with stilboestrol all the uteri showed steady spontaneous activity
(Figs. 1A and 2 A).
Effect o/0-9°lo NaCl solution. The injection of 0-002 ml. 0-9% NaCl solution
into the area of the supraoptic nuclei was wholly without effect on the pattern
of uterine activity.
Effect of eserine salicylate. On two occasions 40 yg eserine salicylate in
0-9% NaCl solution was injected into one or other supraoptic nucleus. In
both instances the result was the same. Four to five min after the injection
the spontaneous uterine contractions increased in size and remained large for
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45-50 min, they then began diminishing until in about an hour after the in¬
jection they were once more the normal size (Fig. 1).
Effect of DFP. DFP was-used on three occasions in doses of 40, 80 and
lOOpg, and each time the result was the same. Four to five min after the
injection into the supraoptic nuclei uterine contractions began to increase in
size, attained their maximum in about 15 min and remained large for the
rest of the experiment. The longest time of observation was 4-| hr after the
injection was made.
Fig. 2. Record of uterine contractions. A, normal spontaneous movement; B, 4 min after
injection of 80/xg DFP into left supraoptic nucleus; C, 1£ hr after the injection; D,4 hr after
the injection. Time, 10 sec.
In the two remaining experiments the injection of eserine and DFP was
without effect. Histological examination of the hypothalamus showed that
the injections had been badly placed, in one instance the tip of the needle had
been lateral to one fornix, and in the other it had penetrated to the posterior
hypothalamus.
Owing to the impossibility of maintaining the uterus in a steady state of
spontaneous activity for several weeks no attempt was made to follow the
after-effect of DFP injection on the uterus to see if it paralleled the effect on
the excretion of water by the kidney.
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DISCUSSION
Injection of eserine or DFP into the supraoptic nuclei of chloralosed dogs led
to a rapid increase in size of spontaneous uterine contractions. After the
former drug the increased activity lasted for about an hour, after the latter
it lasted for the duration of the experiment, i.e. for at least 3-4|- hr. No
uterine reaction followed injection of anticholinesterases into two other sites
in the hypothalamus. Since the anticholinesterase action of eserine is short¬
lived and that of DFP prolonged, if the oxytocic factor, like ADH, is liberated
by a cholinergic mechanism, then the above results are to be expected. The
findings, then, support the view that a cholinergic transmitter to the supraoptic
neurones is responsible for the release of the oxytocic, as of the antidiuretic,
factor of the posterior lobe. The results are also in agreement with others
showing that any stimulus causing the release of one posterior pituitary active
substance also causes the simultaneous release of the other (Abrahams &
Pickford, 1954; Harris, 1955), but they offer no solution to the problem of how
differing proportions of the two factors may be liberated at different times.
SUMMARY
1. Observations were made of the effect on spontaneous uterine con¬
tractions of injecting eserine salicylate and DFP into the supraoptic nuclei
of chloralosed dogs.
2. Both eserine and DFP caused an increase in size of uterine contractions.
The effect of eserine lasted for about an hour, and that of DFP for at least
3-4| hr.
3. These findings support the view that the oxytocic, like the antidiuretic
factor, of the posterior pituitary can be released by cholinergic transmission
to the supraoptic neurones.
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HISTOCHEMICAL DEMONSTRATION OF CHOLINESTERASES
IN THE HYPOTHALAMUS OF THE DOG
By V. C. ABRAHAMS,* G. B. KOELLE and PRISCILLA SMART
From the National Institute for Medical Research, Mill Hill, London, N.W. 7,
the Department of Physiology, School of Medicine, University of Pennsylvania,
Philadelphia, and the Department of Physiology and Pharmacology, Graduate
School of Medicine, University of Pennsylvania, Philadelphia
(Received 1 July 1957)
In the experiments to be described a histochemical study has been made of the
distribution of true and pseudo-cholinesterase in the hypothalamus of the dog.
There is considerable evidence to indicate that cholinergic neurones are
involved in the release of neurohypophyseal hormones. Pickford (1939)
showed that the intravenous injection of acetylcholine (ACh) produced anti-
diuresis in atropinized dogs, and that this antidiuresis was reduced or abolished
by surgical removal of the posterior lobe of the pituitary. She therefore con¬
cluded that the ACh caused release of the antidiuretic hormone. Later experi¬
ments (Pickford, 1947; Duke, Pickford & Watt, 1950) showed that the ACh
most probably acted on the neurones of the hypothalamus, since injections of
ACh, as well as anticholinesterases, into the supraoptic nuclei, produced anti-
diuresis in chloralosed dogs, but only as long as the posterior lobe of the
pituitary was intact. The injection of the irreversible anticholinesterase, di-
isopropylfluorophosphate (DFP), into the supraoptic nucleus produced
immediate antidiuresis followed by prolonged polyuria. This prolonged
polyuria was attributed to permanent paralysis of neurones resulting from
local excess of ACh.
There is some evidence that the neurones concerned with the release of
oxytocin are also cholinergic, since the injection of DFP into the supraoptic
nucleus increases spontaneous uterine activity (Abrahams & Pickford, 1956).
So far no histochemical studies have been performed concerning the distribu¬
tion of cholinergic neurones in the hypothalamus. From histochemical studies
it is known that the peripheral and central nervous system cholinergic neurones
contain high concentrations of true cholinesterase, whereas non-cholinergic
* Beit Memorial Besearch Fellow.
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neurones are characterized by low concentrations of this enzyme. It seemed
therefore possible that the histochemical localization of true cholinesterase in
the hypothalamus would aid in the identification of the cholinergic neurones
concerned in these secretory systems.
METHODS
Adult dogs of both sexes weighing from 5 to 20 kg were anaesthetized with sodium pentobarbitone
and then bled to death from one carotid artery. A block of brain containing the hypothalamus
and still attached to the base of the skull was quickly removed and placed in a freezing cabinet for
30-60 min. By this procedure the brain became firm enough (without being frozen) to allow
dissection without distortion of the hypothalamus. Sections of the hypothalamus were cut on the
freezing microtome at 10 p., and before thawing were transferred to slides for the demonstration of
cholinesterases, using the method of Koelle & Friedenwald (1949) as modified by Koelle (1951,
1955). In this method the sections are incubated in a medium containing a substrate of either
acetylthiocholine or butyrylthiocholine, together with copper glycinate. The thiocholine liberated
as a result of enzyme action is precipitated as a white mercaptide which is converted to copper
sulphide by subsequent treatment with ammonium sulphide. Hence the site of enzyme activity is
shown by a dark brown precipitate. The use of the two different substrates allows a distinction to
be made between true and pseudo-cholinesterase activity. With both substrates, controls were
carried out using the following inhibitors: DFP, and the dimethyl carbamate of (2-hydroxy-5-
phenylbenzyl)-trimethyl-ammonium bromide (Nu 683) which were used as selective inhibitors
for pseudo-cholinesterase, and 1-5-bis (4-allyldimethylammonium-phenyl)-pentan-3-l-dibromide
(BW 284c51), which was used as selective inhibitor for true cholinesterase. Eserine was used in
high concentrations to inhibit both cholinesterases, thereby excluding errors due to other esterases
or to artifact.
The only difference between the procedures used in this investigation and those developed by
Koelle (1955) for the cat brain was to use a weaker concentration of DFP for the selective inhibi¬
tion of pseudo-cholinesterase. In preliminary experiments using homogenates of dog brain in the
Warburg apparatus, it was found that the concentration of DFP used for the cat would cause
inhibition of the true cholinesterase as well. The concentration of DFP used for the inhibition of
pseudo-cholinesterase was therefore reduced to 5 x 10~8. In all incubation solutions high concen¬
trations of sodium sulphate were included to reduce enzymic diffusion. This procedure causes
partial inhibition of cholinesterase activity, and to compensate for this the incubation time was
extended to 2 hr.
Groups of serial sections were cut from five regions of the hypothalamus as indicated in Text-
fig. 1. These regions were:
(A) immediately anterior to the optic chiasma;
(B) at the level of the optic chiasma;
(C) just posterior to the optic chiasma;
(D) in the infundibular region; and
(E) through the mamillary bodies.
Of the nine brains examined, sections from the first two were incubated in the full range of ten
incubation solutions. Sections from the other seven brains were incubated in only three solutions,
since it was found that this allowed adequate discrimination to be made. These solutions were as
follows: (1) for the demonstration of both cholinesterases, acetyl thiocholine as substrate, no
inhibitors; (2) for the demonstration of true cholinesterases, acetylthiocholine as substrate with
DFP as inhibitor of pseudo-cholinesterase; and (3) for the demonstration of pseudo-cholinesterase,
butyrylthiocholine as substrate, with no inhibitor present.
One section in every group of serial sections was stained by the chrome-alum haematoxylin
method of Gomori (1941) to aid in the identification of the exact area sectioned. The identification
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was based on the anatomical accounts of the hypothalamus by Rioch (1929, 1931), Rappers,
Huber & Crosby (1936) and Clark (1938). In a few experiments, sections, after being incubated for
the demonstration of cholinesterase, were refixed in Bouin's fixative and stained by the method
of Gomori to demonstrate neurosecretory material.
A 6 C D £
Text-fig. 1. Diagrammatic sagittal section through the hypothalamus to indicate the five planes
of section referred to in the text. O.N., optic nerve; O.C., optic chiasma; Pit., pituitary;
M.B., mamillary bodies.
RESULTS
The two types of cholinesterase were found to be discretely localized in the
hypothalamus of the dog. True cholinesterase was confined to the cell bodies
and axons of three nuclear groups only: the supraoptic nuclei, the supra-
chiasmatic nuclei, and the paraventricular nuclei. PI. 1, fig. 1, shows the
distribution of true cholinesterase in the region of the right paraventricular
nucleus on the side of the third ventricle. A lateral detachment of cells of the
paraventricular nucleus also shows the presence of true cholinesterase. Along
the side of the third ventricle, cells showing the presence of true cholinesterase
extend down to the suprachiasmatic nucleus. This can be seen in PL 1, fig. 2,
which also shows the presence of true cholinesterase in the cells of the supra¬
optic nucleus, and in cells extending from the suprachiasmatic nucleus, to the
supraoptic nucleus. The slides from which these photomicrographs were taken
were incubated in acetylthiocholine and thus show both cholinesterases. This
results in a light background stain due to pseudo-cholinesterase. This light
background stain has been deliberately left in to aid orientation of the area.
Similar sections, incubated in the presence of appropriate concentrations of
DFP or Nu-683 to inhibit pseudo-cholinesterase, fail to show the background
precipitation.
PI. 1, fig. 3, shows cells of the paraventricular nucleus photographed under
a higher power. The precipitation due to the true cholinesterase is confined to
the cytoplasm of the cells, the nuclei being devoid of any precipitation. True
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cholinesterase is also seen in the axons leaving both ordinary and bipolar
cells, as well as in structures which appear to be the beginnings of dendritic
processes. It is not possible to follow true cholinesterase down an axon for any
distance greater than 400 p.; none is visible in the supraoptico-hypophyseal
tract.
Sections incubated in butyrylthiocholine, to show the presence of pseudo-
cholinesterase, reveal a distribution of the enzyme different from that found
for true cholinesterase. There is a general background of precipitation which
cannot be associated with any particular structure. Against this background
two areas of dense precipitation are seen. The first is in the region of the supra¬
optic nuclei. As can be seen in PI. 2, fig. 1, high-power examination of this
area shows rings of dense precipitation. When counterstained these rings are
shown to be around the bodies of the cells of the supraoptic nucleus. The
second area of dense precipitation is around the third ventricle, but only in the
region of the paraventricular nucleus. Precipitation can also be seen on some
of the ependymal cell walls.
The tuberal and mamillary areas of the hypothalamus do not show precipi¬
tation in any of the incubation media used. Other stained areas included in
the sections are the caudate nucleus and amygdala. Both of the nuclei appear
rich in true cholinesterase. A similar finding has been previously reported for
the rat (Koelle, 1954). The optic nerves, chiasma and tracts appear devoid of
any precipitation with the exception of some fibres in the dorso-medial part of
the chiasma which appear to be rich in true cholinesterase. It is of interest in
this respect that Feldberg & Yogt (1948) found this part of the optic chiasma
richer in choline acetylase than the ventromedial portion.
In sections counterstained by the Gomori method after the demonstration
of cholinesterases, it was possible to see that cells already showing the presence
of true cholinesterase also showed the cytoplasmic basophilia, said to represent
the neurosecretory substance. This staining could also be seen in cells sur¬
rounded by pseudo-cholinesterase.
DISCUSSION
The restricted localization of true cholinesterase within the cells of the supra¬
optic, paraventricular and suprachiasmatic nuclei of the hypothalamus
explains why only moderate concentrations of this enzyme have been found
in manometric determinations of homogenates of whole hypothalamus
(Burgen & Chipman, 1951). It would appear also that choline acetylase has a
similar distribution in the hypothalamus to true cholinesterase, the supraoptic
nucleus having a high content when compared with the infundibulum (Feld¬
berg & Vogt, 1948) or with the hypothalamus as a whole (Zetler & Schlosser,
1955). The high concentrations of true cholinesterase in the cells of these
nuclei suggests the presence of large numbers of cholinergic neurones. It does
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not, however, indicate whether it is a region of termination or of origin of
cholinergic neurones, or a region of both origin and termination. From the
finding that the true cholinesterase is concentrated in the cell bodies, and can
be seen for the first few hundred microns of the axon as it emerges from the
cell, one might argue that cholinergic neurones originate in the cells. These
cells, at least as far as the supraoptic and paraventricular nuclei are concerned,
are the origin of the nerve fibres to the neurohypophysis, and secretory
products are supposedly formed within the cells, migrating down the axons to
their termination in the neurohypophysis from which they are eventually
released (for review, see Scharrer & Scharrer, 1954). If these same neurones
were cholinergic, this would produce the unique situation of a neurone's own
transmitter substance providing the stimulus for the release of its own endo¬
crine product. An alternative possibility, suggested by Heller (1955), would
be that the supraoptic and paraventricular nuclei give rise to separate
conducting and secretory fibres, both of which supply the neurohypophysis.
The conducting fibres would be cholinergic and supply the pericellular nerve
nets in the neurohypophysis described by Brookes & Gersh (1941).
There is another possibility. We know, from the peripheral nervous system,
that at a synaptic junction where ACh is the transmitter, cholinesterase can be
found at either the presynaptic endings or in the post-synaptic region. For
instance, at the sympathetic ganglion, true cholinesterase is found on the pre¬
synaptic terminals (Koelle, 1955), but at the neuromuscular junction true
cholinesterase is predominantly found post-synaptically, that is, at the muscle
end-plate. If the same situation that prevails at the neuromuscular junction
were to apply to the situation in the supraoptic and paraventricular nuclei,
the histochemical demonstration of large quantities of true cholinesterase in
the cells of these nuclei and even at the beginning of their axons might well be
a sign of cholinergic axons terminating on these cell bodies. The inability to
detect high concentrations of true cholinesterase histochemically in the axons
of the supraoptico-hypophyseal tract would be in agreement with this view.
Little is known concerning the function of neurones of the suprachiasmatic
nucleus. According to Pate (1937), pathways from here terminate in the
retina. However, in other studies with histochemical methods a similarity was
found between the supraoptic, paraventricular and suprachiasmatic nucleus,
all being rich in phosphatases (Cohn & Richter, 1956).
Burgen & Chipman (1951) found that the hypothalamus, which contains
only small amounts of true cholinesterase, contains large quantities of pseudo-
cholinesterase. From its distribution as shown in the present experiments it
appears that this enzyme subserves a special function in the hypothalamus.
The high concentration of the enzyme in the area of the ventricle known to
have a peculiar convoluted ependyma (Kappers, 1929), raises the possibility
that it acts as a diffusion barrier preventing the diffusion of ACh from the
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paraventricular nucleus into the cerebrospinal fluid. The pseudo-cholinesterase
present in high concentration around the supraoptic nucleus would exert a
similar function. For instance, if the cholinergic neurones converging on these
nuclei were continuously to release large amounts of ACh and this ACh were
to escape into the ventricular spaces, widespread effects would result, since it
is known that the presence of small amounts of ACh in the ventricles of cats
causes prolonged stupor (Dikshit, 1935; Silver & Morton, 1936; Bornstein,
1946; Feldberg & Sherwood, 1953, 1954). There is even the possibility that the
pseudo-cholinesterase plays a part in the destruction of the ACh at the site of
its release during neuronal activity. This possibility is suggested by the findings
ofDesmedt & La Grutta (1957) that selective inhibitors of pseudo-cholinesterase
in minute doses will produce the ' alerting reaction' in the isolated cat cerebral
cortex.
SUMMARY
1. The distributions of true and pseudo-cholinesterases have been examined
in the hypothalamus of the dog by histochemical methods.
2. True cholinesterase was found confined to three nuclei of the anterior
hypothalamus: the supraoptic, the paraventricular and the suprachiasmatic.
3. Pseudo-cholinesterase was found around the supraoptic nucleus, and
around the third ventricle in the region of the paraventricular nucleus.
This investigation was supported in part by a research grant (B-282 (C 3)) from the National
Institute of Neurological Diseases and Blindness, of the National Institutes of Health, United
States Public Health Service.
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EXPLANATION OF PLATES
Plate 1
Sections of dog hypothalamus incubated in acetylthiocholine with no inhibitor present, to show
distribution of true cholinesterase.
Fig. 1. Coronal section of the dorsal hypothalamus at the level of the paraventricular nucleus.
Precipitation in the cells of the paraventricular nucleus (PVN), in cells of a lateral detachment
of the paraventricular nucleus (LPVN) and in cells alongside the third ventricle (3 V). This
precipitation indicates true cholinesterase as it occurs also in the presence of DFP in the
incubation solution. The background precipitation is due to pseudo-cholinesterase, as it is
absent in the presence of DFP.
Fig. 2. Coronal section of the ventral hypothalamus at the level of the supraoptic nucleus.
Precipitation in cells of the supraoptic nucleus (SON), suprachiasmatic nucleus (SCN), and
cells between the two nuclei and along the third ventricle (3V). The precipitate in the cells
results from true cholinesterase, the precipitate in the background from pseudo-cholinesterase,
being absent in the presence of DFP.
Fig. 3. Cells of the paraventricular nucleus. (For details see text.)
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Plate 2
Sections of dog hypothalamus incubated in butyrylthiocholine with no inhibitor present to
show the distribution of pseudo-cholinesterase.
Fig. 1. Supraoptic nucleus. Precipitation is confined to spaces between the cells. Rings of intense
precipitation occur around many cells.
Fig. 2. Coronal section of the hypothalamus at the level of the paraventricular nuclei. Intense
precipitation around the third ventricle which spreads out to embrace the area of the para¬
ventricular nuclei (PVN).
[From the Proceedings of the Physiological Society, 1-2 November 1957.]
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Active muscle vasodilatation and its relation to the 'Flight and
Fight reactions' in the conscious animal. By Y. C. Abrahams*
and S. M. Hilton. The National Institutefor Medical Research, Mill Hill,
London, IV. IF. 7
Lindgren, Rosen, Strandberg & Uvnas (1956) have shown that electrical
stimulation of certain regions in the hypothalamus, mesencephalon and
medulla produce vasodilatation in skeletal muscle, thus providing evidence
for a vasodilator pathway in the brain stem. This vasodilatation is due to
activation of cholinergic vasodilator fibres (Eliasson, Folkow, Lindgren &
Uvnas, 1951). In the present experiments on anaesthetized cats the hypo¬
thalamic vasodilator pathway has been localized more precisely, using unipolar
stimulating electrodes of 8-25 p. tip diameter.
Muscle vasodilatation was readily elicited on stimulation of the anatomically
undifferentiated grey matter extending from the pre-optic area anteriorly to
the mesencephalic central grey matter posteriorly. The excitable zone con¬
sisted, on either side of the mid line, of a horizontally flattened strip between
the anterior commissure and the supraoptic nucleus in the pre-optic area. It
continued posteriorly into the hypothalamus just ventral and medial to the
fornix, in some experiments lateral to it also. The zone then continued further
as a vertically flattened strip just dorso lateral to the mammillary body and
ascended into the central grey matter.
Eliasson el al. (1951) noted that the muscle vasodilatation was often but not
always accompanied by vasoconstriction in the skin and intestine, tachycardia,
rise in blood pressure, pupillary dilatation and retraction of the nictitating
membranes; they suggested that the muscle vasodilatation represented a
reaction in preparation for muscular exercise. We observed these accompanying
effects regularly, and, in addition, saw pilo-erection and widening of the
palpebral fissure. In general the more pronounced the muscle vasodilatation,
the more prominent were the associated effects.
It is known that stimulation of a localized area in the hypothalamus elicits
the 'defence reaction' in the conscious cat (Hess & Briigger, 1943). This
localized area appeared to be identical with the hypothalamic zone from which
we had obtained our responses in the anaesthetized animal. Accordingly, we
stimulated in the conscious cat, with an electrode chronically implanted in
the hypothalamic zone from which muscle vasodilatation was elicited, and
the typical picture of the ' defence reaction' was obtained. Immediately, the
pupils dilated and the animal was alerted; after a few seconds it hissed and
snarled, and started to run round the cage. There was massive pilo-erection.
If disturbed by a sudden noise, the cat would start to attack in the direction
* Beit Memorial Research Fellow.
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of the sound. Stimulation via the chronically implanted electrode under
chloralose anaesthesia produced the cardiovascular responses, including the
characteristic muscle vasodilatation, and the other sympathetic reactions. It
therefore appears that all these responses obtained under anaesthesia, and
particularly the pattern of vasodilatation and constriction, are part of the
general' defence reaction', being preparatory to the muscular exertion of flight
or fight.
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THE EFFECT OF DISTENSION OF THE UTERUS ON THE
COMPOSITION OF URINE OF CONSCIOUS DOGS
BY V. C. ABRAHAMS* AND MARY PICKFORD
From the Department of Physiology, University of Edinburgh
(Received 27 January 1958)
Certain potentially harmful stimuli, such as distension of hollow viscera or
pinching of viscera or skin in spinal man, may alter the rhythm of the heart
(Guttmann & Whitteridge, 1947) and, in spinal and anaesthetized animal or
man may cause a general or localized skin vasoconstriction (Downman &
MacSwiney, 1946; Cunningham, Guttmann, Whitteridge & Wyndam, 1953).
In normal individuals Robertson & Wolff (1950) found it difficult to demon¬
strate any appreciable rise in blood pressure with distension of the rectum, but
they did not look for the skin vasoconstriction which almost certainly occurred
(Carmichael, Doupe, Harper & MacSwiney, 1939), nor therefore for compen¬
satory vasodilatation in other areas. Owing to the intrinsic difficulties of
acquiring information, little is known regarding the existence of viscero¬
visceral reflexes comparable with the viscero-cutaneous reflexes. Mukherjee
(1957 a, b) showed in chloralosed cats whose buffer nerves were cut that renal
vasoconstriction accompanied the rise in blood pressure which followed disten¬
sion of the bladder, but that when the buffer nerves were intact the rise in
blood pressure was small and the renal vasoconstriction more often absent
than present. The renal vascular changes, then, are a part of the general
cardiovascular response, and in the animal with intact nervous system the
stabilizing mechanisms profoundly modify this vascular response. Mukherjee
(1957 a, b) did not determine whether the renal vasoconstriction he observed
was general or restricted to a part of the kidney. Using the method of serial
angiography, Trueta, Barclay, Daniel, Franklin & Prichard (1947) showed that
in rabbits trauma and haemorrhage was followed by renal cortical vasocon¬
striction with a persisting blood flow in the renal medulla. They made no
observations on the effect of distension of viscera. Daniel, Peabody & Prichard
(1951, 1952) found that a renal cortical vasoconstriction could be induced in
the cat, dog and sheep as well as in the rabbit. Franklin (1952) and Sophian
(1955) have suggested that in pregnancy uterine tension may initiate utero-
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renal reflexes which bring about a renal cortical ischaemia, which then leads
to the condition of pre-eclampsia. A serious criticism of the work of the last
two authors is that they made no tests of renal function and that many of
their conclusions are based on the appearance of the kidneys of animals under
anaesthesia. As Daniel et al. (1952) point out, surface pallor of the kidney may
be due to a general renal vasoconstriction as much as to vasoconstriction
localized to the renal cortex. Further, neither oliguria nor albuminuria are
pathognomic of renal cortical vasoconstriction. Since the problem is an
important one, the renal function was tested in conscious dogs during periods
when the uterus was put under tension by the sudden inflation of an intra¬
uterine balloon. A preliminary account of some of the results has already
appeared (Pickford, 1956).
METHODS
Dogs were prepared for observation by operations at which the external urethral orifice was
exposed by a dorsal slit of the perineum, and at which the upper end of one uterine horn was
divided from the ovary and fimbria of that side, brought through to the surface of the flank and
stitched in place. No observations were made until healing was complete. The posterior lobe of
the pituitary was removed transorally. The balloon for insertion into the uterus was joined by
polythene tubing to a hand pump and pressure bottle and a recording Hg manometer, as described
by Abrahams & Pickford (1954). The balloon and tubes were filled with 0-9% NaCl solution. With
this system it was possible to raise the pressure in the balloon to the desired height in 3-4 sec or
less. On the days on which they were to be used, the dogs were given a hydrating dose of water
at noon and observations made after a second oral dose of water given at 2.15-2.30 p.m. of the
same day. When the renal clearances of creatinine and diodone were to be measured, 3*5-4 g
creatinine was given by mouth with the afternoon dose of water, and 6-9 ml. 30 % diodone
solution injected subcutaneously half an hour before the water was given. In general the methods
used were similar to those described by Ali, Cross & Pickford (1958). The diet was maintained
fairly, but not exactly, constant. At present no useful comments can be made on the higher post¬
operative electrolyte loss in the dog which was ovariectomized; in any case, this increase does not
directly affect the question under investigation. Estimations of Na and K were made on a flame
photometer, chloride by the method of Prout-Winter as described by Cole (1919), creatinine in
the blood and urine by the methods of Rehberg (1926) and Folin (1914), respectively, and diodone
by the method of Alpert (1941). After death the kidneys were examined histologically and all
were found to be normal. Serial sections of the hypothalamus and pituitary confirmed that in
the one dog the posterior lobe of the pituitary had been removed at operation.
RESULTS
Control observations showed that in the three dogs used the excretion rates
of water, Na, K and CI were normal; that is, the peak of diuresis was attained
in 45-60 min, 80-90 % of the water given was excreted in approximately 2 hr,
and the excretion rates of Na, K and CI fell steadily as diuresis progressed
(Ali et al. 1958). Having established these facts, the effects of uterine distension
were then investigated in the anoestrous dog, the oestrogen-treated dog and
a dog whose posterior pituitary lobe had been removed; examination was also
made of the effect of distension of the lower segment of the uterus.
UTERO-RENAL REFLEX 529
Effect of uterine distension in the anoestrous dog. It was first determined that
distension of the uterus during, and for a time after, the administration of
water, in no way altered the normal course of diuresis. Ten experiments
were then performed, six experiments being on one dog (Anona, 9-5 kg)
and four on another (Maggs, 20 kg). The effect of uterine distension was
examined under two sets of conditions. In the first the balloon was inserted
and inflated at the peak of diuresis; and in the second, the balloon was inserted
immediately following the administration of water, but again inflated only at
the peak of diuresis. The pressure to which the balloon was initially inflated
was from 30 to 100 mm Hg. Left to itself the intra-uterine pressure declined
15 30 45 60 75 15 30 45 60 75 90
Time (min)
Fig. 1. Records of two observations made on one dog. In both A and B the continuous line shows
the rate of urine flow in ml./min. The histograms show the excretion rate of Na (open columns)
and Iv (black columns) in /x-equiv/min. The open blocks along the abscissa show the time
during which the uterus was distended. In A the pressure applied was 40 mm Hg, and in B,
30 mm Hg. On both occasions 250 ml. water was given by mouth at zero time.
steadily, but the effects on renal function were no different when this fall was
prevented by the repeated addition of small volumes of saline to the uterine
bag. The results were also unaffected by the time of insertion of the uterine
balloon. In seven of the ten experiments inflation of the bag produced no
alteration in the course of the water diuresis, nor any deviation from normal
in the excretion of Na or K (Fig. 1 A, Anona). In one experiment uterine
distension caused a brief increase in the rate of urine excretion with perhaps
a slight delay in the usual fall of Na excretion. In two other experiments on
the same dog the urinary excretion rate fell somewhat and the diuresis con¬
tinued at the lower level (Fig. 1B). On one of these last two occasions renal
clearances were measured and it was found that although the initial fall in
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urinary excretion rate was accompanied by a fall in both glomerular filtra¬
tion rate (24%) and renal peak flow (42%), within 15 min urine flow and
clearance values had returned to normal levels.
Effect of uterine distension after treatment with stilboestrol. It was considered
possible that the anoestrous uterus had a low sensitivity to a rise in tension.
Experiments were therefore performed on Anona and Maggs after they had
been injected with stilboestrol diproprionate (0-35 and 0-75 mg, respectively)
in oil. Inspection at laparotomy had previously shown that within 24 hr of
the subcutaneous injection of stilboestrol the dog uterus becomes enlarged and
Time (min)
Fig. 2. Records of two observations made on one dog on the 1st (^4) and 2nd (J5) days after a
subcutaneous injection of 0-35 mg stilboestrol diproprionate. On both occasions the intra¬
uterine pressure was maintained at 50 mm Hg. Conventions as for Fig. 1.
highly vascular. Observations were accordingly made on the two days follow¬
ing injection. In Anona uterine distension 24 hr after stilboestrol administra¬
tion caused a small rise in the rate of urine flow, but had no significant effect
on the normal course of Na and K excretion (Fig. 2 A). Two days after the
injection a transient decrease in the rate of urine flow followed inflation of the
uterine bag, and there was some fall in the rate of Na loss (Fig. 25). In Maggs
uterine distension 24 hr after the injection of stilboestrol caused a sharp
reduction in water, Na and K loss, but excretion returned to the original level
in 7 min. The following day uterine distension was without effect on renal
excretion.
Effect of distension of the lower segment of the uterus. It is known that the
different parts of the uterus vary in sensitivity (see Fitzpatrick, 1957). In the
third dog, Little Claus, which had been ovariectomized 12 days previously and
whose uterus was showing spontaneous contractions, care was taken to push
the balloon as far down towards the cervix as possible. Post-mortem measure¬
ments showed that the tip of the bag must have been close to the cervical
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orifice. When diuresis was established, a pressure of 140-150 mm Hg was thrown
into the balloon and maintained for 1 hr. This high intra-uterine pressure did
not alter the normal pattern of water excretion nor the already low rate of Na
and K loss, but after some delay the rate of CI excretion rose for a time (Fig. 3).
30 45 60 75 90 105
Time (min)
Fig. 3. Effect of distending the lowest part of one uterine horn with a pressure of 150 mm Hg
during the period shown by the horizontally lined block. Lower part of graph shows rate
of urine flow (continuous line) and CI loss (columns with perpendicular lines). Upper part
of graph shows rate of Na (open columns) and K loss (black columns). 300 ml. water given
by mouth at zero time.
Effect of uterine distension after removal of the posterior lobe of the pituitary.
Since Dale's observations in 1909 it has been known that the posterior lobe of
the pituitary contains a substance which profoundly affects uterine activity.
There is no suggestion that this substance directly affects uterine sensitivity.
The posterior lobe also contains the vasopressor-antidiuretic factor. Since the
opportunity offered, it seemed worth while re-examining Little Claus whose
posterior lobe had been removed 11 days previously. The water intake had
returned to normal levels. The uterus still showed spontaneous activity; the
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renal nerves were intact. In Fig. 4 it can be seen that after raising the pressure
in the uterine bag to 150 mm Hg the rate of urine flow increased for a while,
and the excretion rates of Na and K rose also, but CI loss fell. None of these
changes persisted despite the maintenance of uterine distension and the intact
nerve supply to the kidneys.
Time (min)
Fig. 4. Observation on same dog as in Fig. 3, but 11 days after removal of posterior lobe of
pituitary. Intra-uterine pressure, 150 mm Hg. Conventions as for Fig. 3
DISCUSSION
The results described above suggest that in the dog, whether normal and
anoestrous, treated with stilboestrol or ovariectomized, a utero-renal reflex is
not highly active, even when a pressure as great as 150 mm Hg is applied in
the uterus. The results provide no evidence that a rise in intra-uterine tension
causes vasoconstriction localized to the renal cortex, and the inconstant
alterations seen in renal function could well be due to variable vascular changes
occurring in the whole kidney, these being a part of the general vascular
response to distension of a hollow viscus as described by Mukherjee (1957 a, b).
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Two sets of workers have previously made observations on changes in renal
function when the uterus is under tension. McGaughey, Weller & Anslow
(1956), using dogs under chloralose anaesthesia, noted that uterine insufflation
caused a 23% reduction in p-aminohippuric acid clearance; but a similar
reduction followed vaginal manipulation and non-specific sensory stimulation
of the skin. Thus, their evidence and that presented here reinforce the
impression that the renal effects of uterine stretch, in the dog at any rate, are
part of a general response and not specifically related to a utero-renal reflex.
It should be mentioned that Daniel et al. (1952) found that renal cortical
vasoconstriction was more difficult to produce in dogs than in the other
animals they tested.
Saurio (1957) made a large number of observations on conscious rabbits and
studied the effect of uterine distension on the excretion of water, Na and K by
the animal when normal and after section of the splanchnic nerves. She found
no evidence of a utero-renal reflex, and concluded that the results seen to
follow uterine distension could be matched by the intravenous injection of
pituitrin, and were best explained as due to a transient liberation of pituitary
antidiuretic hormone. The present results gave no evidence of the release of anti¬
diuretic hormone in normal dogs, but in the single observation on a dog whose
posterior lobe had been removed the sharp temporary rise in urine flow which
followed uterine distension perhaps gives negative support to Saurio's thesis.
All observations so far made suggest that it is difficult in normal unanaes-
thetized individuals to cause a renal vasoconstriction limited to the cortex.
As previously pointed out (Pickford, 1956) uterine muscle readily accommo¬
dates even to a rapid rise in intra-uterine tension, so that any reflex effect
occurring should be of short duration, as indeed was noted in the present
experiments. However, since renal cortical necrosis does occur, it must be
concluded that some unidentified abnormal condition is a prerequisite for the
appearance of renal cortical ischaemia. In the presence of this abnormality
uterine stretch may be one of a number of adequate stimuli.
SUMMARY
1. Observations were made on conscious dogs in which one uterine horn was
fistulated. Uterine movements and the urinary loss of water, Na and K were
noted before and after the sudden inflation of an intra-uterine balloon.
2. The dogs were tested when normal, after the administration of stil-
boestrol, after ovariectomy, and after ovariectomy accompanied by removal
of the posterior lobe of the pituitary.
3. No consistent effect followed inflation of the intra-uterine balloon, and
ten out of sixteen times renal activity was unchanged.
4. The results provided no evidence that, in dogs, a utero-renal reflex causes
renal cortical vasoconstriction.
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Addendum. Since this paper was written four observations have been made
on the response to uterine distension (pressure, 40 mm Hg) of a dog with
diabetes insipidus (induced by transoral section of the supraopticohypophysial
tracts). Water and K excretion showed no discernible pattern of response;
on every occasion Na excretion fell when the uterine bag was inflated; on
all occasions CI excretion remained steady.
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Venous temperature registration, and its use as an index of
muscle blood flow. By V. C. Abrahams.* National Institute of Medical
Research, Mill Hill, London, N.W. 7
In experiments on cats it was shown that the temperature of the blood leaving
a muscle is dependent on the rate of blood flow through the muscle. When
muscle blood flow increased, the effluent blood temperature increased and
vice versa. It was found that the temperature changes associated with quite
small fluctuations in flow, such as those associated with the respiratory cycle,
were sufficiently large to be registered by a thermistor introduced into the
blood stream.
The procedure used was as follows. In cats anaesthetized with chloralose
the femoral vein of one limb was cut and a small chamber was inserted
into the cut ends so that the blood could flow through it; the chamber was
machined from Araldite block. An unmounted bead thermistor (Standard
Telephones Type U. 2361), cemented to the wall of the chamber, was used to
detect temperature changes of the blood passing through it. The changes were
registered using a conventional bridge circuit, the output of which was
recorded by a Speedomax Type 'G' pen recorder. The paw was tied off and
the limb was skinned.
In order to study the muscle blood flow in conscious cats the femoral vein
temperature was used as an index of muscle blood flow. In a preliminary
operation the animals were anaesthetized with ether and the femoral vein was
cut for the insertion of the small Araldite chamber. In these experiments
the paw was not tied off and the limb was not skinned. The use of the tempera¬
ture of the whole outflow from the femoral vein as an index of muscle blood
flow is feasible when responses to nociceptive stimuli are studied, because an
increase in muscle blood flow is accompanied by a fall in skin blood flow.
[From the Proceedings of the Physiological Society, 23 May 1959.]
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Active muscle vasodilatation elicited by mesencephalic stimu¬
lation. Its relation to the defence reaction. By V. C. Abrahams*,
S. M. Hilton and A. Zbrozynaj. The National Institute for Medical
Research, Mill Hill, London, N.W. 7
Stimulation in the diencephalon and mesencephalon of the cat has been shown
to produce active vasodilatation in muscle (Eliasson, Folkow, Lindgren &
Uvnas, 1951; Lindgren, 1955; Abrahams & Hilton, 1958). In the present
experiments the mesencephalon at the level of the superior colliculi has been
extensively explored. At this level, vasodilator responses had hitherto only
been obtained from stimulation of a restricted region deep in the tectum. "VVe
could also regularly obtain large vasodilator responses from the central grey
matter and from a well-defined area overlying each cerebral peduncle. The
latter is small in cross-section. It was traced anteriorly to the level of the
mammillary bodies where it connects with the hypothalamic area from which
vasodilatation is obtained. Smaller vasodilator responses were obtained from
other tegmental regions which appeared to connect it with the region in the
tectum and central grey matter. Since this peduncular region is continuous with
those in the hypothalamus, tectum and central grey matter, it is suggested that
it constitutes the main vasodilator pathway in the mesencephalon and that this
pathway is not in the tectum, as proposed originally by Lindgren (1955). This
conclusion is supported by the finding that vasodilator responses produced by
hypothalamic stimulation are abolished by small electrolytic lesions in the
peduncular region, whereas extensive lesions in the superior colliculi or teg¬
mentum did not abolish the response except in one experiment.
The diencephalic area from which active muscle vasodilatation is obtained
is identical with that from which defence reactions are elicited (Abrahams &
Hilton, 1958). Such reactions are also elicited from the central grey matter and
the superior colliculi (Hunsperger, 1956; Spiegel, Kletzkin & Szekely, 1954)
from areas corresponding to those from which we obtained muscle vasodilata¬
tion. However, stimulation of the peduncular vasodilator pathway in the
conscious cat did not lead to the complex co-ordinated defence reaction, but
to partial responses such as rolling over on to one side with claws extended,
ipsilateral ear-flattening or closure of the eye. This finding further supports
the conclusion that the peduncular region is the main vasodilator pathway.
Chronic decorticate cats show a stereotyped reflex response to nociceptive
stimuli indistinguishable from the defence reaction (Dusser de Barenne, 1920).
Similar but incomplete reactions are obtained from decerebrate cats (Wood-
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worth & Sherrington, 1904; Bazett & Penfield, 1922). These findings, together
with our results, suggest that the regions defined in the hypothalamus, central
grey matter and colliculi are reflex centres concerned in the response to
nociceptive and other stimuli, the peduncular region constituting the efferent
pathway for the concomitant muscle vasodilatation.
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Sensory inpmt to hypothalamic and mesencephalic regions sub¬
serving the defence reaction. By V. C. Abrahams,* S. M. Hilton
and J. L. Malcolm. National Institute for Medical Research, Mill Hill,
London, N.W.I
The defence reaction, which is a complex behavioural and visceral response,
can be elicited by electrical stimulation of regions of the hypothalamus,
central grey, superior colliculi and tegmentum. It commences with an alert¬
ing reaction and with sufficiently strong stimulation culminates in fight or
flight. The evidence suggests that these regions are concerned with the reflex
elicitation of the reaction (Abrahams, Hilton & Zbrozyna, 1959). We have now
shown that these regions have connexions with afferent pathways from the
skin, the ears and the eyes. These connexions appear not to be localized, but
to be part of a diffuse system relaying to the hypothalamus as a whole and to
extensive areas of the mesencephalon.
In cats anaesthetized with chloralose evoked electrical responses were
recorded with tungsten micro-electrodes.
Direct electrical stimulation of the skin, or stimulation of the superficial radial
nerve evoked large responses in all regions of the hypothalamus, extending
from the pre-optic area anteriorly to the mammillary bodies posteriorly.
Large responses were also evoked in the central grey matter, smaller responses
in the superior colliculi and tegmentum. The latencies of the responses varied
between 10 and 40 msec. The response to unilateral nerve stimulation appeared
bilaterally and was practically identical on both sides. The responses resulted
from stimulation of A fibres as was shown by monitoring the action potential
of the stimulated nerve. This is in agreement with Feldman, Van der Heide &
Porter (1959), who showed that responses recorded in the hypothalamus of
cats immobilized with Flaxedil after sciatic nerve stimulation were also due
to A fibre stimulation.
The responses to crystal generated clicks appeared less consistently except
in the tuberal region where the responses were always large. In all other
regions explored, responses were obtained irregularly only and the size of the
responses varied greatly. The latencies of the responses were always greater
than 10 msec.
Responses to a light flash were recorded from all explored regions of the
hypothalamus and the mesencephalon. They were large and uniform in the
hypothalamus and had a latency of about 50 msec. In the mesencephalon
they varied greatly, the largest responses being obtained from the superior
colliculi and the underlying tegmentum. The latency here was about 40 msec.
These latencies are much longer than those found by Ingvar & Hunter (1955)
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in corresponding experiments on unanaesthetized cats immobilized with curare.
The demonstration of these afferent connexions adds further support to our
hypothesis that these regions are concerned with the reflex mediation of the
defence reaction in the conscious cat.
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Reflex activation of vasodilator nerve fibres to skeletal muscle
in decerebrate and intact cats. By V. C. Abrahams, S. M. Hiltox
and A. Zbrozyxa*. The National Institute for Medical Research,
Mill Hill, Lond-on, N. W. 7
Certain regions of the hypothalamus and mesencephalon appear to act
as reflex centres for the defence reaction (Abrahams, Hilton & Zbrozyna,
1959; Abrahams, Hilton & Malcolm, 1959). Part of this reaction is a
cardiovascular response which includes active muscle vasodilatation.
Active muscle vasodilatation has now been obtained as a reflex response
in high decerebrate cats, in which the hypothalamus and mesencephalic
structures have been spared. When the ether has worn off, electrical
stimulation of the skin produces most of the signs of the defence reaction
including the features observed in similar experiments by Woodworth &
Sherrington (1904) and termed the pseudaffective reflex.
In our decerebrate cats venous outflow was recorded from an innervated
gastrocnemius muscle perfused by a heparinized donor cat. Movements
of the perfused muscle were prevented by section of the spinal cord between
L5 and L6. It was found that the reflex response to skin stimulation
included a large and prolonged increase in muscle blood flow due to activa¬
tion of cholinergic vasodilator nerve fibres.
When decerebration removed a substantial part of the hypothalamus
the skin stimulation no longer produced muscle vasodilatation but still
elicited many features of the behavioural response.
If the defence reaction is produced in the intact non-anaesthetized cat
by electrical stimulation of the hypothalamus, the response is graded
according to the strength of stimulation. Threshold stimulation does not
produce fight or flight. It produces alerting, but already with pronounced
muscle vasodilatation, as shown when muscle blood flow is registered
using the venous temperature technique (Abrahams, 1959). Confirmation
that this vasodilatation, like that in the decerebrate cat, is due to activation
of cholinergic vasodilator fibres was obtained by showing that it is reduced
or abolished by atropine.
These same behavioural and cardiovascular responses are obtained
reflexly in the intact cat on nociceptive stimulation such as electric shocks
to the foot pads. Any stimulus which produces the alerting reaction also
elicits the active muscle vasodilatation. For instance, a loud note sustained
for 10 sec usually produces these responses at least at the first trial. On
repetition of the note, however, the responses usually diminish and are
* Rockefeller Fellow.
absent by the 5th trial. In a few cats this habituation to repeated stimula¬
tion was not seen.
When an auditory stimulus does not itself produce responses it is possible
to show that a conditioned vasodilator response can be developed to such
a stimulus, by combining it with nociceptive stimulation 4 or 5 times.
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ACTIVE MUSCLE VASODILATATION PRODUCED BY STIMULA¬
TION OF THE BRAIN STEM: ITS SIGNIFICANCE IN
THE DEFENCE REACTION
By V. C. ABRAHAMS*, S. M. HILTON and A. ZBROZYNAf
From the National Institutefor Medical Research, Mill Hill, London, N. W. 7
(Received. 17 June 1960)
The existence of a sympathetic vasodilator nerve supply to the skeletal
muscles of the cat and dog has been known for some time (Biilbring &
Burn, 1935; Eolkow & Uvnas, 1950). More recently it was discovered that
these vasodilator nerve fibres can be activated by electrical stimulation
in the hypothalamus, in regions of the mid-brain tegmentum and medulla,
and, in the dog, by stimulation of a small region of the motor cortex
(Eliasson, Folkow, Lindgren & Uvnas, 1951; Eliasson, Lindgren & Uvnas,
1952; Lindgren & Uvnas, 1953; Lindgren, 1955). These findings led
Lindgren, Ros6n, Strandberg & Uvnas (1956) to postulate the existence of
a vasodilator pathway, originating in the anterior sigmoid gyrus and
passing to the spinal cord via the hypothalamus, mid-brain tegmentum
and medulla. They suggested that this pathway was involved in the
cardiovascular adjustments of muscular exercise.
Previously, Eliasson et al. (1951) had noted that the muscle vasodilatation
produced by hypothalamic stimulation was accompanied by vasocon¬
striction in the skin and intestine, and by other signs of sympathetic
activity. In view of the known role of the hypothalamus in the expression
of 'fear' and 'rage', they suggested that the vasodilator fibres were
normally activated as part of the patterned response characteristic of
these emergency reactions. According to the view of Eliasson, Lindgren &
Uvnas (1954), the hypothalamic areas were to be regarded as relay stations
on a vasodilator pathway which could be activated not only in cases of
emergency, but indeed whenever a sudden increase in muscle blood flow
would be required for muscular effort.
In the conscious cat, systematic stimulation of points in the hypo¬
thalamus enabled Hess to define a region from which co-ordinated be¬
haviour characteristic of the emergency reactions could be evoked (Hess &
Briigger, 1943). This behaviour pattern, which commenced with alerting
and culminated in flight or attack, was termed the defence reaction. In
* Work carried out during tenure of Beit Memorial Fellowship, f Rockefeller Fellow.
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the present experiments we have located those parts of the hypothalamus
and mid-brain from which the muscle vasodilatation is evoked and have
shown that they are in fact the regions responsible for the whole integrated
defence reaction in the conscious cat. Thus, strictly speaking, these are
not vasodilator areas, but co-ordinating centres which produce muscle
vasodilatation as a part of the defence reaction. In addition, we have
located a separate vasodilator pathway which is activated by this extensive
defence centre and which runs in close relation to the cerebral peduncles.
Woodworth & Sherrington (1904) showed that stimulation of peri¬
pheral nerves in the high-decerebrate cat elicited a response comprising
many features of the defence reaction, which they termed the pseud-
affective reflex. Cannon & Britton (1925) showed that all the autonomic
features of the defence reaction which were known at the time could be
produced reflexly in such preparations. In the present experiments, the
active muscle vasodilatation has been found to be a prominent feature of
these reflex responses, the reflex centre presumably being those regions
of the hypothalamus and mid-brain from which the defence reactions are
obtained.
METHODS
All experiments wore performed on cats. The aeuto experiments were carried out under
chloralose anaesthesia, a dose of 00-80 mg/kg being injected intravenously after anaesthesia
had been induced with ethyl chloride and ether. To preparo a hind limb for registration of
changes of muscle blood flow, a longitudinal incision was made in the skin along the inner
side of the log from the inguinal region to the ankle, the skin was separated from the under¬
lying tissues, the circulation through the foot was occluded by a stout ligature round the
limb just above the ankle joint and the skin was then sown back over tho limb. The femoral
venous outflow was passed via polythene cannulae through a photo-electric drop-recorder
and returned to the femoral vein more centrally. Changes of skin flow in tho forepaw were
registered similarly by recording the outflow from the cephalic vein. To record intestinal
flow the circulation through several arcades supplying a section of the small intestine was
isolated and tho outflow from the appropriate branch of the superior mesenteric vein was
passed through tho drop-chamber and back into a branch of tho portal vein. Heparin
1000 u./kg) was injected 1 hr after all dissections had been completed, and before the veins
were cannulated for recording venous outflow.
Blood pressure was recorded by a mercury manometer connected to a carotid artery.
Respiratory movements wero registered by a piston, recorder connected to corrugated
rubber tubing held round the animal's chest.
Deep structures of tho brain stem wero stimulated by" the uso of storeotactically placed
monopolar steel micro-clcctrodes. They woro prepared from steel sewing needles by electro¬
lytic erosion (Bishop & Collin, 1951) to a tip sizo of 5-20 fi, and were varnished except for
the tip, either with a single coat of Dulux varnish, or with four coats of 'Araldito' 9S5E.
Tho indifferent electrode "was a similar steel ncodlo pushed undor tho skin of tho neck.
A square-wave stimulator was used, tho output being isolated from earth by means of an
RF unit..
Electrolytic lesions were produced with similar electrodes, tho insulation having been
scraped off tho tip to leave the last 0-5 mm bare. In some experiments, these electrodes wera
inserted in pairs, 2 mm apart, at the same antero-postorior level, and lesions wero made by
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passing current from ono electrode to tho other. In some, a singlo electrodo was used,
current being passed between this electrode and an indifferent electrodo under tho skin.
In a number of experiments eloetrodes were implanted into the brain stem in sterile
operations under pentobarbitone anaesthesia. These electrodes were 110. 6 or no. 4 intestinal
needles made from austenitic steel and coated with 'Araldito' 985E. Tho needles used had
a tip diameter of about 50 p. The electrodes were implanted either singly or in assemblies.
In such an assembly the needles, spaced at 2 mm intervals, were previously fixed in a small
fluon (Polytetrafluoroethylene, Imperial Chemical Industries Ltd.) plate. Tho electrodes
were implanted by means of tho stereotactic apparatus. To aid fixation of the electrodes,
2 or 3 small (10 BA) stainless steel screws were screwed into tho outer table of tho skull,
ono being used for holding tho indifferent electrodo, a small stainless steel plate. Acrylic
resin (Dental Fillings, Ltd.) was used to cover the electrodes and screws, and to cement
them together. The leads were brought under tho skin of tho neck and out between the
scapulae, to be fixed to a connector carried by the animal on a leather or polythene jacket.
Exact location of the needles was determined histologically at the end of each experiment.
Tho brain was fixed by perfusion with alcoholic formol saline. Sections 25 n thick wero cut
on tho freezing microtome and stained with luxol fast blue and cresyl violet (Kliiver &
Barrera, 1953).
In some experiments muscle blood flow was registered in decerebrate cats. Under ether
anaesthesia the calvarium was removed and tho thalamus, basal ganglia and cerebral
hemispheres wero extirpated with a spatula. Tho anaesthetic was then discontinued. Two
methods were used to record musclo blood flow. In ono it was recorded directly by a cross-
circulation technique. Tho circulation of one gastrocnemius musclo of tho decerebrate eat
was isolated and the musclo was supplied with blood from a heparinized donor cat. Tho
venous outflow from tho musclo was registered by the drop-recorder on its return to tho
donor. Tho spinal cord of tho decerebrate cat was tied below the emergence of tho LC roots,
so as to eliminate movements of tho gastrocnemius while preserving its sympathetic
innervation. Tho other method enabled tho preparation to be more rapid and avoided tho
use of heparin. The changes of muscle blood flow wero registered by a modification of the
venous temperature method described by Abrahams (1959). In tho original method a small
chamber bearing a thermistor bead is inserted between the cut ends of tho femoral vein.
In .ho present modification cutting tho vein was avoided by mounting tho thermistor bead
on tho surface of a small strip of 'Araldito which was held eloso to tho external surface of
tho vein by an 'Araldito' cuff placed round tho vessel. In this way adequate records were
obtained of tho changes in venous blood temperature which result from changes in musclo
blood flow.
RESULTS
The finding of Eliasson et al. (1951) and Lindgren (1955), that active
vasodilatation in skeletal muscle is elicited by electrical stimulation of
regions of the hypothalamus and mid-brain, was readily confirmed. This
vasodilatation usually appeared after about 5-10 sec of stimulation and
reached a maximum within a few seconds. When stimulating with voltages
just above the threshold (2-5 V under the present experimental conditions)
the muscle blood flow often approached the value seen after maximal
tetanic contraction. In some experiments, there was almost a tenfold
increase in flow. As was shown by Lindgren (1955), square-wave stimula¬
tion at a frequency of 70-80 pulses/sec and with a pulse width of 2 msec
is optimal for this response. With these parameters it was possible to
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elicit reproducible responses from the same point in the hypothalamus at
intervals of 15-4 niin. We have elicited up to 13 successive responses
without any obvious diminution.
At most points in the hypothalamus from which vasodilatation was
elicited, tho stimulation also produced moderate rises of arterial blood
pressure, up to 40 mm Hg. On stimulation in some parts of the mid-brain
these blood-pressure rises were much higher. It was clear, however, that
these rises in blood pressure made little if any contribution to the increase
in blood flow. Almost invariably the rise of blood pressure occurred before
the onset of vasodilatation, and the pressure was back to normal when the
vasodilatation was at its peak. Moreover, small doses of atropine (0-1 mg/
kg) abolished or greatly reduced the vasodilator response (Eliasson et al.
1951), while the blood pressure rise then produced was if anj'thing greater.
As was noted by Eliasson el al. (1951), the vasodilatation was usually
accompanied by vasoconstriction in the skin and intestine, by tachycardia,
pupillary dilatation and retraction of the nictitating membrane. In
addition, we observed widening of the palpebral fissure, pilo-erection along
the tail and mid line of the back, and changes in respiration. Respiratory
movements were usually rapid, though much reduced in depth, the chest
being held predominantly in the inspiratory position. The respiratory
change made no significant contribution to the cardiovascular responses;
for they persisted when the animals were artificially respired. With light
anaesthesia stimulation often produced swishing movements of the tail,
arching of the back and small movements of the jaws and limbs. In general,
these associated effects - most prominent on stimulation of the brain¬
stem regions which produced the largest vasodilator responses.
Localization in the hypothalamus
The excitable area was sharply localized. As an example, the three
panels in Eig. 1 show the effects of stimulating three points 1 mm apart,
along a single electrode track in the tuberal region or the hypothalamus.
The muscle vasodilatation obtained on stimulation at the middle point
(marked 0) was much greater than that produced by stimulation 1 mm
above or below it (marked X' and X). Figure 2 shows a hemisection of the
brain from this experiment, in which there are four electrode tracks, the
diagrammatic hemisection on the right illustrating the position of the
electrode tip when the results shown in Fig. 1 were obtained. With the
electrodes used stimulation probably only occurred close to the tip.
From results such as these it was possible to construct maps of the re¬
stricted areas of the hypothalamus from which large vasodilator responses
in skeletal muscle were obtained. The maps shown in Fig. 4 incorporate
the results of twenty-two experiments in which the hypothalamus was
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systematically explored, and of fifteen experiments in which electrodes
were chronically implanted. At each level the results are included from
planes 1 mm anterior and posterior to the level of section. These maps
give a somewhat less precise localization than that actually obtained in
individual experiments, because the borders of the area vary a little from
Fig. 1. Cat, chloralose. Records of venous outflow from skinned lower leg (top)
and skin of the fore-paw (bottom), and of arterial blood pressure (b.f.). At X',
© and X, stimulation at 3 suceessivo points, 1 mm apart, in one electrode track
in hypothalamus. Position of electrode tip at each point is shown in Fig. 2.
Time marker, 30 sec.
one animal to another. The levels of the four illustrative sections through
the hypothalamus are shown on the paramedian sagittal section in Fig. 3.
The hypothalamus anterior to the optic chiasma was explored in six
experiments. Large vasodilator responses were obtained in three of them.
The excitable region extended horizontally in the undifferentiated grey
matter just above the base of the brain, from 1 to 3 mm lateral to the
mid line, as illustrated in Fig. 4A. Smaller responses were obtained from
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stimulation more dorsally, close to the anterior commissure. At the level
of the optic chiasma the excitable area was sharply localized about
1-2 mm lateral to the third ventricle, and just dorsal to the chiasma
itself (Fig. AB). In the remaining three experiments this region was the
most anterior from which large vasodilator effects could be obtained.
Fig. 2. Left: photomicrograph (coronal section) of cat's brain from same experi¬
ment as Fig. 1, showing four tracks left by stimulating electrode. Right: diagram¬
matic reproduction of section; X', Q and X indicate position of electrode tip when
records of Fig. 1 obtained. Fx, fornix; KHvm, ventromedial nuclous.
On stimulation more posteriorly, at the tuberal level, the vasodilator
responses were even larger. In all five of the animals in winch this part
of the hypothalamus was studied, the excitable area was in the perifornical
region and extended laterally as a narrow band towards the zona incerta
(Fig. 46'). In one animal the largest responses were obtained from a region
dorsal to the fornix. Stimulation at the level of the mammillary bodies,
carried out in five experiments, produced large responses from a strip
dorsal and lateral to the mammillary bodies themselves. In four experiments,
large responses were obtained from a region just dorsal to the cerebral
peduncles (Fig. 4Z>).
Throughout the hypothalamus the most excitable region for these
responses never appeared to be associated with any of the hypothalamic
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nuclei. When stimulating in the tubcral region, for example, the vasodilator
response was greatly reduced when the electrode tip passed into the ventro¬
medial nucleus (as seen from Figs. 1 and 2). Likewise, stimulation in the
mammillary bodies, supraoptic nucleus, paraventricular, suprachiasmatic
and dorsomcdial nuclei never produced a largo vasodilatation. In different
experiments the descending columns of the fornix were stimulated from
the septal region to their termination in the tuberal region: the vasodilator
effect was never pronounced.
CS, superior colliculus; Mm, mammi'.i.iry body; Th, thalamus; III, oculomotor
nervo. Section reproduced by permission of Editor of Brain.
' '
Thus, the excitable zone in the hypothalamus consists of a narrow strip
in the anatomically undifferentiated grey matter on both sides of the
mid line, and extending through the whole length of the hypothalamus. In
the tuberal region, where the largest responses are obtained, a lateral
extension of the zone is apparent. A little more posteriorly, in the region
of the mammillary bodies, this leads to a small, sharply localized area just
dorsal to the cerebral peduncle, from which large responses are obtained.
Localization in the mesencephalon
An exploration was made posterior to the mammillary bodies, as far back
as the intercollicular level, in 22 acute experiments and in 7 experiments
with chronically implanted electrodes. As illustrated in the diagrammatic
sections E and F of Fig. 5, the most readily excitable regions were in the
tegmentum ventral to the superior colliculus (explored in 9 experiments),
in the dorsolateral part of the central grey matter (explored in 10 experi¬
ments) and in a restricted area dorsal to each cerebral peduncle (explored
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Fig. 4. Diagrammatic coronal sections showing regions in cat's hypothalamus
from which active musclo vasodilatation is obtained on electrical stimulation.
Hatching indicates regions from which vasodilatation regularly obtained. Dots
indicate sites of largo responses obtained in individual experiments. Sections
A, B, C and D are at levels indicated in Fig. 3. Results are included from ex¬
plorations in planes 1 mm anterior and posterior to each level ofsection. CA, anterior
commissure; Ch, optic chiasma; Fx, fornix; Mm, mammillary body; Ped, cerebral
peduncle; RPO, pre-optic area.
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in 14 experiments). From these three regions, which appear to be well
defined, large vasodilator responses were regularly obtained. Stimulation
of the tegmentum between these regions sometimes also produced large
vasodilator responses, but the excitable points were scattered and more
difficult to find, and they varied from one animal to another. In Fig. 5 E
and F the dots indicate the points from which vasodilator responses were
Fig. 5. Diagrammatic coronal sections showing regions in mesencephalon from
which active muscle vasodilatation is obtained on electrical stimulation. Hatching
indicates regions from which vasodilatation regularly obtained. Dots indicate sites
of largo responses obtained in individual experiments. Sections E and F aro at
levels indicated in Fig. 3. Results aro included from explorations in plane3
1 mm anterior and posterior to each level of section. CS, superior colliculus;
GC, central grey matter; Ped, cerebral peduncle.
obtained in one or another experiment. These points may well be the sites
of tracts which connect the central grey matter and tegmentum with
the peduncular region.
At the level of the habenular nucleus, vasodilator responses could be
elicited on stimulation of points in the pre-tectal region, presumably an
anterior extension of the excitable region in the tegmentum ventral to the
superior colliculi.
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The separation of the three main regions is based not only on the ease
with which the largest vasodilator responses were obtained, bnt also
on differences of the associated autonomic effects. The effects produced
from the central grey matter resembled those seen on hypothalamic
stimulation: there was pronounced pilo-crcction, pupillary dilatation,
retraction of the nictitating membranes, and a moderate rise in arterial
blood pressure and heart rate. The response to stimulation in the teg¬
mental region was characterized by a particularly large rise of arterial
blood pressure, often exceeding 200 mm Hg and associated with brady¬
cardia. On stimulation of the peduncular region the responses differed
from those of the other two regions, in that the associated effects were
minimal: pilo-erection and retraction of the nictitating membranes were
hardly ever seen and arterial blood pressure either fell or rose only very
slightly.
Effect of mesencephalic lesions on active muscle vasodilatation
•produced by hypothalamic stimulation
The fact that stimulation of the peduncular region resulted in a large
vasodilatation with few of the other accompanying autonomic effects
suggested that this region, already seen at the level of the mammillary
bodies, and extending through the mesencephalon in the same position
relative to the cerebral peduncles, is the main efferent pathway to the
medulla for the muscle vasodilatation. Direct evidence for this view was
obtained by examining the effect of discrete mid-brain lesions on the
vasodilator response to hypothalamic stimulation.
In these experiments a stimulating electrode was introduced into the
excitable region at the tuberal level of the hypothalamus and fixed at a
point from which large vasodilator responses were obtained. Two lesion
electrodes were then introduced into the mesencephalon. As this pair
of electrodes was racked down, electrolytic lesions were made at all
points on each track where vasodilator responses could be obtained. The
adequacy of each lesion was tested by passing the stimulating current
again. If a vasodilator response was still obtained, the lesion was extended.
Histological examination showed most of the lesions to be less than 1 mm
in diameter.
After each lesion had been made the effectiveness of stimulating the
hypothalamic point was tested. In only one experiment did the response
to hypothalamic stimulation remain greatly reduced after a tegmental
lesion had been made, and in this case the lesion electrode had produced
a large haemorrhage occupying the whole of one colliculus and the under¬
lying tegmentum. In 6 other experiments, even after multiple lesions in
the superior colliculi, the tegmentum underlying them and the central
MUSCLli VASODILATATION AND 1IDA IN NTKM r.ol
grey matter, the response to hypothalamic stimulation was much the
same as it had been at the beginning of the experiment. There was often
a transient reduction of the response, but this lasted for a few minutes
only. Results from an experiment are shown in Fig. 0. The mid-brain
section at the top shows some of the lesions made in four electrode tracks.
Each track extended through the whole tegmentum, the lesions being
made at all points where vasodilator responses were obtained. At the
bottom are shown the vasodilator response to hypothalamic stimulation
before (a) and 1 min after (d) a tegmental lesion had been made. The
lesion was made at the upper end of the section of the track seen just to
the right of the central grey matter. Stimulation at this point produced
strong vasodilator and pressor responses before the lesion (b) and practic¬
ally no response after it (e). Althogether 9 lesions were made during the
course of this experiment and after all of them the hypothalamic response
remained substantially the same. In striking contrast with the results of
experiments such as this, a single small lesion restricted to the peduncular
region from which vasodilator responses were obtained always abolished
the hypothalamic response in 3 consecutive experiments. A typical result
is shown in Fig. 7, in which the hypothalamic response was abolished by
the lesion seen in the section.
Stimulation of the brain stem in ilie conscious cat
Defence reactions are obtained in conscious cats on stimulation of a
well-defined region in the hypothalamus (Hess & Briigger, 1943). Similar
reactions have been obtained from a localized region of the central grey(
matter (Hunsperger, 1956) and from points deep in the colliculi (Spiegel,
Kletzldn & Szekely, 1954). From our experiments in anaesthetized cats
the regions concerned appeared to be identical with those from which
active muscle vasodilatation is most readily obtained. This identity was
demonstrated in experiments in which electrodes were implanted in the
hypothalamic and mid-brain areas which had been located on the basis of
the vasodilator responses. Except in those animals with electrode im¬
planted in the peduncular region, subsequent stimulation in the conscious
cat gave a fairly constant pattern of behaviour. Threshold stimulation
produced an alerting, or orientation, reaction. The resting animal would
raise its head and look around, with moderate pupillary dilatation. As
the voltage was increased, the animal would stand up with increasing
pupillary dilatation and pilo-erection of the tail and back. It then began
to hiss and snarl, with ears flattened and claws unsheathed. Finally, the
cat would move rapidly around the observation chamber or would suddenly
attack, particularly in response to a visual or auditory stimulus. The
optimal stimulation parameters were the same as those for muscle vaso-
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Fig. 6. Top: photomicrograph (coronal section) of cat's brain at level of superior
colliculus, showing electrolytic lesions in four electrode tracks. Bottom: records
of venous outflow from skinned hind limb and of arterial blood pressure. At (a)
and (d), electrical stimulation of same hypothalamic point. At (6) and (e) stimula¬
tion at same point in mesencephalic tegmentum, at top of electrode track just on
right of central grey matter. At (c) electrolytic lesion made at this mesencephalic
point. Time marker, 30 sec.
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Fig. 7. Top: photomicrograph (coronal section) of cat's brain at level of superior
colliculus, showing single electrolytic lesion in substantia nigra and cerebral
peduncle. Bottom: records of venous outflow from skinned hind limb and of arterial
blood pressure. At (a) and (e), stimulation of same point in peduncular region.
At (6), (c) and (d), stimulation of hypothalamic point. Lesion made at peduncular
point between (6) and (c). Time marker, 30 sec.
Lesion
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dilatation. When these animals were anaesthetized with chloralose and
stimulation was repeated, large vasodilator responses were obtained.
The records shown in Fig. 8 are from such an experiment. A typical
defence reaction had been obtained before anaesthesia when stimulating
with the electrode in the pre-optic region, shown in the diagrammatic
section. Stimulation under chloralose with the same parameters produced
f (W
Atropine
Fig. 8. Right: diagrammatic coronal section showing site in pre-optic region of
cat's brain of implanted electrode. Left: records of venous outflow from skinned
hind limb and of arterial blood pressure of same cat under chloralose anaesthesia.
At signals, stimulation through implanted electrode before (a) and after (6)
intravenous injection of atropine (0-5 mg/kg). CA, anterior commissure; Ch, optic
chiasma; RPO, pre-optie area. Time marker, 30 sec.
the large muscle vasodilatation shown at (a) and, after an intravenous
injection of atropine, the vasoconstriction shown at (6). With electrodes
implanted in the hypothalamus, central grey matter and subcollicular
tegmentum, the cardiovascular response and the behavioural reaction
always went hand in hand. ■ , .
From electrodes implanted in the peduncular region, however, the
complex, co-ordinated, behavioural reaction was never obtained. The only
responses seen in the conscious cat were either flattening of the homo¬
lateral ear, closure of the eye or rolling over on one side, whereas under
anaesthesia the typical muscle vasodilatation was obtained.
It is concluded that the excitable regions on the hypothalamus and
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central grey matter, and in the tegmentum ventral to the colliculi,
function as integrative centres from which the component parts of the
defence reaction, including muscle vasodilatation, are activated. These
regions are shown as shaded areas in Fig. 9, which was constructed from
our results. The areas in the hypothalamus and central grey matter are
probably continuous. The posterior borders of the mid-brain areas have
been left indefinite, since we have not explored further back in the brain
stem, but from the reactions obtained by Keller (1932) and Bard & Macht
(1958) with chronic decerebrate cats it appears that the areas might extend
even into the pons. The vasodilator outflow from the integrative centres
lies in the pathway just dorsal to the cerebral peduncles, indicated in Fig. 9
tegmentum apparently functioning a." reflex centres for the defence reaction.
Heavy interrupted lino represents vasodilator pathway connecting the centres with
' tho periphery. A-A is the line of section used for decerebration. CA, anterior
commissure; CS, superior colliculus; Mm, mammillary body; Th, thalamus;
III, oculomotor nerve. Section reproduced by permission of Editor of Brain.
Reflex activation of the cholinergic vasodilator fibres to muscle
in decerebrate ■preparations
In common with other reactions integrated at the diencephalic level,
the defence reaction cannot be obtained as a reflex response in anaesthe¬
tized animals. Even under light chloralose anaesthesia, sciatic nerve
stimulation will not produce any of the co-ordinated movements charac¬
teristic of the reaction. Of the autonomic responses, only the rise of arterial
blood pressure and pupillary dilatation remain. We have never obtained
an increase in muscle blood flow, and sometimes even saw a slight decrease.
The results in decerebrate preparations are different. Woodworth &
Sherrington (1904) showed that sciatic nerve stimulation elicited a complex
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reflex response in cats decerebrated at the prc-collicular level. This
response, which they called the pseudallective reflex, comprised pupillary
dilatation, vocalization, snarling, movements of the limbs and a rise of
blood pressure. As is seen from Fig. 9, dccercbration at the pre-collicular
level would leave intact tho major part of tho integrating region for tho
defence reaction.
We carried out experiments in which decercbration was started at the
pre-collicular level and then extended rostrally to spare as much as
possible of the hypothalamus, as indicated by tho lino on Fig. 9. In these
preparations, electrical stimulation of the skin of one forelimb elicited,
in addition to tho effects described by Woodworth & Sherrington (190-4),
--- -../ar- -.V-- :. - :
Fig. 10. High-decerebrate cat. Record of venous outflow from gastrocnemius
musclo, perfused by donor cat. At (a) electrical stimulation of skin of forepaw.
'Spontaneous' reaction occurred at (b). Time marker, 30 sec.
arching of the back and pilo-erection. We did not always observe all parts
of the reaction. This is in keeping with a similar finding of Cannon &
Britton (1925) on partially decorticate cats. In 5 out of 9 such preparations
skin stimulation also produced a large and prolonged increase in muscle
blood flow. This is illustrated in Fig. 10, which is taken from an experiment
in which the gastrocnemius muscle was perfused by a donor cat and its
participation in the reflex movements was prevented by tying the spinal
cord below L6. Pseudaffective reactions, including muscle vasodilatation,
frequently occurred in the absence of a specific stimulus: an effect on
muscle blood flow of such a spontaneous reaction is also illustrated in
Fig. 10. In three of the cats a simplified preparation was used in which
changes of muscle blood flow were registered indirectly, using an external
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venous thermal recorder. In these preparations consistent pseudaffective
responses were obtained for an hour or two and the muscle vasodilatation
could then be shown to be abolished by small doses of atropine (Fig. 11).
Atropine
1 min
Fig. 11. High-decerebrato cat. Records of temperature of venous effluent from
gastrocnemius muscle (upward deflexion signifies increase in venous outflow) and
of arterial blood pressure. Each scale division on temperature record indicates
0-05° C. At signals, electrical stimulation of skin beforo (a) and after (6) intra¬
venous injection of atropine (0-5 mg/lcg',.
DISCUSSION
Localization of the areas in the diencephalon and mesencephalon from
which the cholinergic vasodilator fibres to skeletal muscle are activated
has made it possible to draw several conclusions with regard to the
organization of the integrated defence reaction in the brain stem. The
hypothalamic area was seen to be strikingly similar to that defined by
Hess, from which defence reactions are obtained in the conscious cat
(Hess & Briigger, 1943). Indeed, stimulation by electrodes implanted in
the 'vasodilator' area by means of the same parameters as those required
for optimal vascular effects produced typical defence reactions ending in
'flight' or 'fight'. Even under an anaesthetic electrical stimulation pro¬
duced all the features of the defence reaction which the preparation was
capable of displaying. The pupillary dilatation, retraction of the nictitating
membranes, pilo-erection and respiratory changes were almost always
observed, and, if the anaesthesia was light, movements of the jaw, limbs
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and tail were also seen. It thus appears that the muscle vasodilatation
produced by stimulation of the hypothalamic area is really part of the
whole defence reaction, which is integrated in this region of the brain stem.
Regions other than the hypothalamus were also found to possess this
function. Active vasodilatation in muscle is produced by stimulating those
parts of both the mid-brain tegmentum ventral to the colliculi and the
central grey matter from which defence reactions are elicited in the
conscious animal (Spiegel et al. 1954; Hunsperger, 1956). It appears from
our results that these three brain-stem areas merge into one another, and
we have not found any major functional distinction between them. Some
small differences in one or another of the effects obtained from them on
electrical stimulation were observed, the most consistent being the much
larger rises of blood pressure obtained from the mid-brain tegmentum
than from the hypothalamus or central grey matter. These large pressor
reactions preceded the changes in regional blood flow, and therefore appear
to result from an increase in cardiac output. Such an increased cardiac
output, together with the vasodilatation in skeletal muscle and the
vasoconstriction in the intestine, are well known components of the
cardiovascular response observed during heavy muscular exercise, and
can be understood as essential parts of the adjustments by which the
. circulatory system is prepared for the demands of sudden, severe muscular
effort. Without this preparation, such exercise would rapidly entail a
great increase in blood flow through all the muscles concerned, which
would then have to be followed by widespread haemodynamic changes.
It may therefore be of great advantage for the early period of such a
response, if the vasodilatation, together with the circulatory adjustments
necessary to maintain it, were to occur before the extensive muscular
reactions have to take place. The pressor response obtained on stimulation
of all these brain-stem areas (Kabat, Magoun & Ranson, 1935) would thus
be seen, not as an event primarily concerned with regulation of arterial
blood pressure, but as one feature of the defence reaction.
When Lindgren (1955) first showed that muscle vasodilatation could be
elicited from points in the mid-brain tegmentum ventral to the colliculi,
he concluded that he was stimulating the vasodilator outflow from the
hypothalamus. This conclusion was based on an experiment in which the
vasodilator response to hypothalamic stimulation was abolished by
extirpating the inferior and superior colliculi on the same side. In another
experiment undercutting the superior colliculus on the same side, and
removing a large part of the subjacent tegmentum, reduced the vasodilator
response to between a half and a third. In our experiments very small
lesions in the mid-brain tegmentum often reduced the response to hypo¬
thalamic stimulation, when tested immediately after the lesion had been
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made. However, a few minutes later the response was fully restored. This
sensitivity to the acute effects of such lesions probably explains Lindgren's
results (1955). By contrast, we found that small lesions restricted to the
area above the cerebral peduncles from which vasodilatation could be
elicited, regularly and irreversibly abolished the response to hypothalamic
stimulation. We conclude that the true vasodilator pathway lies in this
peduncular region. To support this conclusion were the additional findings
that stimulation of the peduncular vasodilator region under an anaesthetic
produced very little in the way of associated autonomic responses, some¬
times only muscle vasodilatation with a small fall in blood pressure; and,
even more striking, that in the conscious animal it never produced the
co-ordinated defence reaction so characteristic of the other regions.
This peduncular vasodilator pathway, though most clearly seen as a
separate entity at the mid-brain level, is also discernible in the posterior
hypothalamus at the level of the mammillary bodies. As the excitable zones
for the defence reaction in the hypothalamus, central grey matter and
mid-brain tegmentum all connect with this peduncular pathway, there is
every indication that this is the efferent pathway for the vasodilator
component of the defence reaction. Thus our results support the hypo¬
thesis of a vasodilator pathway, although its course through the dience-
phalon and mesencephalon is not located as Lindgren et al. (195G) had
thought. The more caudal extension of the pathway in the medulla was
described by Lindgren & Uvnas (1953) as a narrow longitudinal band
lying 3-4 mm from the mid line and 1-2 mm above the ventral surface
of the brain stem, and this is probably a direct continuation of the pedun¬
cular pathway in the mid-brain.
The pathway for the other cardiovascular effects and for the release of
adrenaline and noradrenaline from the adrenals (Grant, Lindgren, Rosen
& Uvnas, 1958) which accompany the muscle vasodilatation, must be
close to the vasodilator pathway; for all the cardiovascular effects of
hypothalamic stimulation are abolished by the peduncular lesions. This
result with such small lesions contrasts greatly with the finding of Magoun,
Ranson & Hetherington (1938), who were unable to abolish the pressor
responses to stimulation in the lateral hypothalamic area by extensive
lesions in the mid-brain tegmentum. They concluded that the efferent
pathway for these vasomotor responses is diffused through the whole
mid-brain tegmentum. Our results with lesions restricted to the peduncular
region show that specific and well-defined pathways do exist.
It is more than likely that the vasodilator points found in the anterior
sigmoid gyrus and internal capsule (Eliasson et al. 1952) also connect
directly with the peduncular pathway. This could provide the basis for
activation of the same specific pattern of cardiovascular response in pre-
510 V. C. ABUAHAMR, A. M. HILTON ANI) A. ZBRO'ZYNA
partition for any niovcmcnt in which tho scnsori-motor cortex is involved,
quite independently of the defence reaction. Indeed, Rushmer, Smith &
Franklin (1959) have found that in conscious dogs electrical stimulation
through an electrode implanted just dorsal to the peduncle, at the level
of the mammillary bodies, produces a cardiovascular response similar to
that of actual exercise without any external sign of distress.
It has been known since the classical descriptions of Goltz (1892) that
the chronically decorticate animal readily displays defence reactions. In
Goltz's dogs even quite trivial stimuli regularly and repeatedly produced
a stereotyped pattern of aggressive behaviour, which was never modified
as long as the animal lived. In other words, these behavioural reactions
appeared as complex, co-ordinated reflexes. What Goltz (1892) could show
in dogs, Bard & Rioch (1937) repeated in decorticate cats. 'Fear' and
'rage' reactions were regularly obtained in four such preparations, in¬
cluding one in which the thalamus and striatum had been removed in
addition to tho neocortex. Many years earlier, however, the pseudaffectivc
reflex had been described by Woodworth & Sherrington (1904). This
reilex response, which shows many features of the defence reaction, was
obtained on electrical stimulation of the sciatic nerve in cats acutely
decerebrated at the pre-collicular level. The stereotyped nature of this
response to nociceptive stimulation enabled Woodworth & Sherrington
(1904) to use it to trace the spinal pathways for pain. Their level of
decerebration will have spared the mesencephalic section of the integrative
region for the defence reaction and perhaps the posterior part of the
diencephalic section. In our experiments, in the attempt to spare as
much as possible of the whole brain-stem region, decerebration, though
started at the same pre-collicular level, was extended further rostrally
as the line of section approached the base of the brain. Sciatic nerve
stimulation in such preparations produced more features of the defence
reaction than were seen by Woodworth & Sherrington (1904). Moreover,
we obtained evidence of active muscle vasodilatation which could be
abolished by atropine. This is a direct demonstration that the muscle
vasodilatation is an integral part of the whole co-ordinated defence
reaction.
All these results lead us to conclude that the regions in the diencephalon
and mesencephalon in which the response is integrated may be regarded,
together, as the reflex centre for the reaction. The centre for the defence
reflex would thus extend further caudally than was indicated by Bard's
(1928) original decerebration experiments, which seemed to place it in
the hypothalamus alone. It probably extends even into the pons; for
Keller (1932) obtained typical 'rage' reactions in response to mild stimuli,
such as pulling the skin of the back, in cats chronically decerebrated just
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rostral to the beginning of the pons; and Bard & Maclit (1058) obtained
many features of the defenco reaction in response to electrical stimulation
of the tail, even when deeercbration was carried out so far caudally as to
remove the rostral part of the pons.
It is known that all the sensory systems havo extensive connexions with
the mesencephalic region in which wo find part of the defence centre to bo
situated (Dell, 1952; French, Verzeano & Magoun, 1953). Evidence is
accumulating that the undifferentiated grey matter of the hypothalamus
should be regarded as a forward extension of this region. Of particular
relevance is the recent demonstration by Nauta & Kuypers (1958) that
fibres originating in the central grey matter and adjacent mid-brain
tegmentum, which correspond to the more caudal part of the defence
centre, project to the paramedian region of the hypothalamus and pre¬
optic area, which correspond to the more rostral part. It is therefore not
surprising that electrophysiological techniques have shown sensory pro¬
jections ascending not only to the sub-thalamic region of the diencephalon
(Starzl, Taylor & Magoun, 1951; French, von Amerongen & Magoun, 1952),
but also the hypothalamus itself (Ingvar & Hunter, 1955; Feldman,
Van der Heide & Porter, 1959). Abrahams, Hilton & Malcolm (1959) have
found that evoked potentials can be recorded in the cat in all parts of the
defence centre in response to cutaneous stimulation. Responses to light
Hashes are almost as extensively found, and responses to clicks a little less
so. In nature the full defence reaction is readily produced by nociceptive
stimuli; but a sudden, strong stimulus of any modality will first evoke
the alerting, or orientation reaction, which may develop into the full
defence reaction if stimulation is sufficiently intense, and this is just the
sequence of events seen on direct electrical stimulation of the defence
centre. Hence the anatomical and electro-physiological evidence is in
complete accord with the concepts put forward of a high-level centre for
a complex behavioural reflex, elicited most readily by noxious stimuli
but capable of reflex initiation by stimuli of all modalities. It is striking
that the defence centre occupies such a large part of what has become
known as the reticular activating system; for this emphasizes once again
that, far from being merely a diffuse, non-specific system, a large part of
this region of the mesencephalon and diencephalon has specific functions
in the normal, unanaesthetized animal.
SUMMARY
1. In anaesthetized cats regions have been mapped in the hypothalamus,
mesencephalic tegmentum and central grey matter from which active,
atropine-sensitive muscle vasodilatation is elicited on electrical stimulation.
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2. These three brain-stem regions are not merely 'vasodilator' areas,
for the muscle vasodilatation is accompanied by other autonomic effects
including a rise in arterial blood pressure, vasoconstriction in skin and
intestine, pupil dilatation, retraction of the nictitating membranes and
pilo-erection, by respiratory changes and movements of the jaw, limbs
and tail.
3. Stimulation of all three brain-stem regions in the conscious cat
through implanted electrodes produces co-ordinated defence reactions.
It is concluded that the muscle vasodilatation is one component of the
integrated response.
4. An additional, restricted region has been located just dorsal to the
cerebral peduncles, stimulation ofwhich produces active muscle vasodilata¬
tion in anaesthetized cats, and, in conscious cats, single or unorganized
movements.
5. Lesions in the region dorsal to the cerebral peduncles abolish the
vasodilator response to hypothalamic stimulation. It is concluded that
the pathway for muscle vasodilatation runs in this peduncular region.
6. In the high-decerebrate cat, cutaneous stimulation reflexly produces
many of the features of the defence reaction, including active muscle
vasodilatation. It is concluded that the regions of the hypothalamus,
mesencephalic tegmentum and central grey matter function as reflex
centres for the co-ordinated autonomic and behavioural responses that
comprise the defence reaction.
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78. HILTON S.M., ABRAHAMS V.C. and MALCOLM J.L.
(London, Great Britain) The significance of
afferent collaterals to the central grey-
matter, mid-brain tegmentum and hypo¬
thalamus in the reflex activation of the
defence reaction
The defence reaction is a complex behavioural response which includes both visce¬
ral and somatic motor activity, and whose outward signs range from alerting to
the fully fledged reactions of flight or attack. Regions of the hypothalamus and mid¬
brain have been defined from which the reaction is obtained on electrical stimula¬
tion (Hess and Brtigger, 1943; Hunsperger, 1956), and these regions appear to be
reflex centres for the response (Woodworth and Sherrington, 1904; Abrahams,
Hilton and Zbrozyna, 1960a, b).
The afferent connections to these regions have recently been examined in cats
anaesthetized with chloralose, by means of the evoked potential technique (Abra¬
hams, Hilton and Malcolm, 1959). Using auditory, cutaneous and visual stimuli,
evoked potentials were recorded in all parts of the centre for the defence reflex,
and in surrounding regions of the brain-stem. The evoked potentials exhibited
characteristics usually ascribed to activation of the collateral afferent, or extra-
lemniscal, system (Starzl, Taylor and Magoun, 1951b; French, Verzeano and Ma-
goun, 1953a, b; Ingvar and Hunter, 1955). These potentials have long latencies,
they can survive the removal of the cerebral cortex in acute experiments, but are
abolished by small doses of barbiturates. Potentials evoked by electrical stimula¬
tion of widely separated areas of skin and by illumination of separate, restricted
areas of the retina can be recorded from a single recording site. Indeed, there is
a remarkable degree of convergence in the afferent pathways to the defence centre,
both within a single sensory modality and between different modalities.
Most of the regions in the hypothalamus and mid-brain that we have identified as
being specifically concerned with the reflex mediation of the defence reaction (Abra¬
hams, et al. 1960b) have been considered merely as part of the reticular activating
system (Lindsley, Bowden and Magoun, 1949; Starzl, Taylor and Magoun, 1951a).
Tiiis has led in the past to emphasis being placed on the role of these brain-stem
regions in 'arousing' the cerebral cortex. Apart from such activating effects on the
cortex of the 'collateral afferent system', it is important to emphasize the specific
role of these regions in the brain-stem as the centres of high-order and complex
reflexes such as the defence reaction. It has been well established that, in chronic
decorticate cats and dogs, the defence reaction remains intact and is regularly ob¬
tained as a stereotyped reflex response (Goltz, 1892; Bard and Rioch, 1937). The
same applies to alimentary and sexual reflexes which are also intact in such decor¬
ticate animals. As in the defence reaction, the afferent limb of these other high-
order reflexes is almost certainly what has been called the collateral afferent sys¬
tem.
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Doses of decamethonium sufficient to paralyse skeletal and respiratory muscles in
the cat for 20 to 30 min can reversibly block transmission at several sites in the
autonomic nervous system. The sympathetic vasodilator outflow to skeletal muscle
was blocked at the post-ganglionic nerve endings, probably by preventing the release
of acetylcholine. The effects of vagal stimulation on heart-rate and intestinal contrac¬
tion were blocked in most experiments, possibly by an action on pre-ganglionic as
well as post-ganglionic nerve endings. However, decamethonium did not block all
cholinergic nerve endings—for example, it did not diminish either the effects of
stimulation of the chorda tympani on the submandibular salivary gland or those of
pelvic nerve stimulation on the bladder.
Decamethonium iodide is extensively used as a neuromuscular blocking agent
in animal experiments. It was being used for this purpose, during experiments on
the activation of cholinergic vasodilator nerves to skeletal muscle in decerebrate
cats (Abrahams, Hilton & Zbrozyna, 1960), when it was found that the dose used
to paralyse skeletal and respiratory muscles for 20 to 30 min also abolished the
action of the vasodilator nerve fibres. Further experiments have shown that these
doses of decamethonium affect transmission at a number of sites in the autonomic
nervous system of the cat.
METHODS
The experiments were performed on cats anaesthetized with chloralose (70 mg/kg) given
intravenously after the induction of anaesthesia with ethyl chloride and ether.
Regional blood flows were registered by the venous outflow technique using a transistorized
drop recorder. The preparations for muscle, skin and submandibular salivary gland blood
flow were those previously described (Hilton & Lewis, 1955 ; Abrahams, Hilton & Zbrozyna,
1960). Salivary secretion was recorded from the cannulated duct of one submandibular
salivary gland: the gland was stimulated via a fluid electrode attached to the cut chordo-
lingual nerve. The heart rate was recorded by means of a Statham strain gauge transducer
connected to a cannula in one femoral artery, records being made with a high-speed pen
recorder.
Records of intestinal activity were made in situ by introducing a small rubber bag into a
loop of small intestine through a small slit. About 1 ml. of normal saline was introduced
into the rubber bag, which was then connected by polythene tubing to a Statham strain gauge.
One vagus nerve was dissected free in the neck, divided, and the peripheral stump placed on
platinum stimulating electrodes and immersed in liquid paraffin. Stimuli were supramaximal
square waves, 10/sec, with a pulse width of 1 msec.
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To record bladder pressures, the urethra was exposed and cannulated with wide bore
polythene tubing. A few ml. of normal saline were introduced into the bladder, and the
cannula was connected to a Statham strain gauge. The pelvic nerve was dissected free on
one side, and the cut distal end introduced into a fluid electrode for electrical stimulation.
Localized regions of the hypothalamus were stimulated through monopolar steel electrodes
placed stereotactically, as previously described (Abrahams, Hilton & Zbrozyna, 1960).
In some cats the spinal roots L6, L7 and SI were sectioned aseptically under pento¬
barbitone anaesthesia. In the final experiment carried out 10 to 14 days later, the sciatic
nerve was stimulated via platinum electrodes mounted in a perspex cuff. The stimuli were
supramaximal square waves at 32/sec, pulse width being 10 msec.
Decamethonium was given as the iodide, and gallamine as the triethiodide (Flaxedil). All
doses are given as the salt.
RESULTS
In 5 cats the cholinergic vasodilator nerves to skeletal muscle were activated by
localized electrical stimulation of brain stem regions concerned with the defence
a b
Fig. 1. Cat, 3 kg: records of venous outflow from skinned hind-limb (Gaddum drop-timer) and
arterial blood pressure. Effect of electrical stimulation at a point in tegmentum ventral to-
superior colliculus before (a) and after (b) decamethonium (100 /xg/kg) injected intravenously.
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reaction (Abrahams, Hilton & Zbrozyna, 1960). The muscle vasodilatation was
abolished in 3 cats by the intravenous injection of 100 /^g/kg of decamethonium,
as shown in Fig. 1. In the 2 other cats this dose reduced the vasodilatation, which,
however, was abolished by administering further doses.
The initial injection of decamethonium itself caused a small dilatation of the muscle
blood vessels. In the 2 cats in which a single dose of decamethonium did not
abolish the vasodilatation produced by brain stem stimulation, it was found that
subsequent injections of decamethonium still produced an increase in muscle blood
flow. When a dose level had been reached at which further injection of deca¬
methonium no longer had a vasodilator effect, brain stem stimulation also no
longer produced a vasodilatation. In one cat this required a dose of 500 ,«g/kg.
a b c
Fig. 2. Cat, 3.6 kg: records of venous outflow from gastrocnemius muscle, and of arterial blood
pressure, 14 days after section of spinal roots L6-S1. Effect of sciatic nerve stimulation before
(a) and after (b) l(N-ethyl-N-2-bromoethylaminomethyl)naphthalene, SY/28 (100 fig), injected
arterially. At (c) effect of decamethonium (100 fig/kg), injected intravenously.
Electrical stimulation of the regions of the brain stem which produce active muscle
vasodilatation also elicits a number of other autonomic effects. These include
vasoconstriction in skin, a rise in arterial blood pressure, pupil dilatation, retraction
of the nictitating membrane, and pilo-erection. None of these responses was affected
by the doses of decamethonium used. It therefore seemed likely that decamethonium
was exerting its effect not on the muscle vasodilatation centrally, nor at the autonomic
ganglia, but rather at the vasodilator nerve endings. This was confirmed by
experiments in which the post-ganglionic vasodilator nerve fibres were stimulated
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directly, along their course through the sciatic nerve. The spinal roots L6 to SI
had been sectioned 10 to 14 days previously, so that sciatic nerve stimulation only
excited sympathetic nerve fibres to the muscles of the lower leg. The action of
vasoconstrictor fibres as seen in Fig. 2a was blocked by two different drugs, in 5
experiments by guanethidine and in 2 experiments by l(N-ethyl-N-2-bromo-
ethylaminomethyl)naphthalene (SY-28). The latter was given by intra-arterial
injection after which sciatic nerve stimulation then produced a vasodilatation as
seen in Fig. 2b. Guanethidine was given either intravenously in a dose of 3 mg/kg,
or by local intra-arterial injection in a dose of 30 ug/kg ; in either case, paralysis
of the vasoconstrictor endings was complete after about 20 min.
When decamethonium was injected after one of these two drugs, it caused a
prolonged vasodilatation (Fig. 2c). This vasodilatation gradually disappeared over
a period of about 20 min. It was then possible to test again the vasodilator effect
of sciatic nerve stimulation. This was usually blocked for a further period of
20 min (Fig. 3b).
There are similarities between some of the effects of decamethonium on the













Fig. 3. Cat, 2.25 kg: records of venous outflow from gastrocnemius muscle and of arterial blood
pressure, 14 days after section of spinal roots L6-S1. Guanethidine (100 fig) administered
intra-arterially. JEffects of arterial injection of 0.1 fig acetylcholine (ACh) and of sciatic nerve
stimulation (S) before (a) and after (Z>) decamethonium 100 fig/kg injected intravenously.
injection, decamethonium causes muscular fasciculation, an excitatory action, before
it produces neuromuscular block (Paton & Zaimis, 1949). This is paralleled by the
vasodilatation that it produces on injection. Another similarity is found in the
antagonism of other blocking agents towards decamethonium. Paton & Zaimis
(1959) showed that both curare and gallamine could antagonize the neuromuscular
blocking action of decamethonium. We have found that gallamine itself has
no action on the vasodilator fibres, but that it can antagonize the action of
decamethonium. If an injection of decamethonium is preceded by a paralytic dose
of gallamine (2 mg/kg), then the decamethonium is without effect on muscle
198 V. C. ABRAHAMS and S. M. HILTON
vasodilatation (Fig. 4c). If time is allowed for the muscular paralysis following
these injections to wear off, and a further dose of decamethonium is injected, the
vasodilatation is markedly reduced (Fig. Ad).
Notwithstanding these findings, the mode of action of decamethonium at the
vasodilator nerve endings is not identical with that at the neuromuscular junction,
abed
Fig. 4. Cat, 2.8 kg: records of venous outflow from skinned hind limb and arterial blood pressure.
Effect of electrical stimulation at a point in hypothalamus. Gallamine (2 mg/kg) injected
intravenously between (a) and (6); followed by decamethonium (100 /xg/kg) a few min later
between (b) and (c), and again after all drug effects had worn off, between (c) and (d).
for in 2 experiments in which the response to nerve stimulation was blocked by
decamethonium, an intra-arterial injection of acetylcholine still produced a muscle
vasodilatation (Fig. 3b).
Effects on the vagus innervation of the heart
Curare and gallamine, as well as blocking neuromuscular transmission, abolish
the action of the vagus on the heart (Mautner & Luisada, 1941 ; Bovet, Depierre,
Courvoisier & de Lestrange, 1947 ; Jacob & Depierre, 1950 ; Riker & Wescoe, 1951).
We found decamethonium to have similar actions, although they were not regularly
obtained. In 4 out of 9 cats a single dose of decamethonium of 100 ug / kg abolished
the slowing of the heart normally produced by vagal stimulation (Fig. 5). Of the
remaining cats, vagal slowing was much reduced in 3, but in 2 cats increasing the
dose of decamethonium to as much as 500 ug/kg was without any effect.
Both curare and gallamine are thought to exert their effects on the heart in a
manner similar to atropine, since, at the time the response to vagal stimulation
is abolished, the slowing due to injected acetylcholine is also abolished.









Fig. 5. Cat, 2.5 kg: records of arterial pulse pressure. Effect of vagal stimulation (bar marked S)
before (a) and after (6) decamethonium (100 /tg/kg) injected intravenously.
Decamethonium, however, has a variable effect on the cardiac slowing produced
by injections of acetylcholine. This effect was examined in 6 cats. In 2 of the
cats in which decamethonium had abolished the effect of vagal stimulation,
acetylcholine was still effective in slowing the heart. In one cat where deca¬
methonium had reduced the response to vagal stimulation, the effect of injected
acetylcholine appeared to be enhanced. In the 3 remaining cats the effect of
acetylcholine was much reduced by decamethonium, even though in one of these
animals decamethonium had no effect on the response to vagal stimulation.
Effects on contractions of the small intestine in situ
Decamethonium had effects on intestinal activity in 5 out of 7 cats. An injection
of 100 ^g/kg caused a slowing and then cessation of the spontaneous activity of
a b




Fig. 6. Cat, 2.5 kg: records of contractions of small intestine in situ. Effect of decamethonium
(100 /ig/kg) injected intravenously at signal in (b) on spontaneous contractions and those evoked
by vagal stimulation at signal marked S in a and c. An interval of 6 min elapsed between
panel b and c and of 8 min between c and d.
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the intestine (Fig. 6); and after a few minutes vagal stimulation became ineffective,
although acetylcholine still produced contractions. These effects of decamethonium
wore off in 4 cats several minutes after spontaneous respiration had reappeared.
In the fifth cat spontaneous activity did not return during the remaining 2 hr of
the experiment, neither was it possible to elicit contractions by vagal stimulation.
Effects at other sites of cholinergic transmission
The effects of decamethonium so far described are those at sites where transmission
is thought to be mediated by acetylcholine. However, this drug does not exert a
S s
Fig. 7. Cat, 2.4 kg: records of bladder pressure. Pelvic nerve stimulated (S) before (a) and after
(/>); decamethonium (100 /xg/kg) injected intravenously.
blocking action at all such sites. In 3 experiments we could find no effect of
decamethonium on submandibular salivary gland secretion and the increase in blood
flow elicited by chorda tympani stimulation. Also, in 4 experiments we were unable
to demonstrate any effect of decamethonium on bladder contractions elicited by
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Fig. 8. Cat, 2.8 kg: records of bladder pressure. Effect of decamethonium (100 /xg/kg), injected
intravenously, on spontaneous contractions. Before (a) and immediately following injection (b);
17 min after injection (c) and 19 min after injection (4).
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in bladder tone were observed. These were abolished in 1 or 2 min by deca-
methonium, reappearing 15 to 20 min after the return of spontaneous respiration
(Fig. 8).
DISCUSSION
Since the extensive study of Paton & Zaimis (1949 ; 1951) on the polymethylene
bistrimethylammonium salts, it has generally been assumed that, whereas those
with a carbon chain length of 5 or 6 act predominantly at autonomic ganglia, the
blocking action of decamethonium is exerted at the neuromuscular junction. In
the cat this was the only action described in response to small doses, and in particular
an atropine-like effect was denied (Paton & Zaimis, 1949). The present experiments
show that the dose of decamethonium ordinarily used to paralyse skeletal and
respiratory muscles of the cat for 20 to 30 min (100 /xg/kg) commonly blocks at
several sites in the autonomic nervous system.
The block of the sympathetic vasodilator outflow to skeletal muscle is exerted
at the endings of the post-ganglionic nerve fibres ; for when these fibres are stimulated
directly, their vasodilator action is regularly abolished by decamethonium. While
we could not exclude, on the basis of our experiments, a concomitant block of the
pre-ganglionic nerve endings, this seemed to be unlikely, for when the muscle
vasodilatation was elicited by hypothalamic stimulation as part of a whole pattern
of autonomic response, this single vasodilator component was abolished by
decamethonium while the others were unimpaired.
The nature of the block of the post-ganglionic endings seems a curious one. The
drug " stimulated " before paralysing, in that its initial effect was a vasodilatation.
Its blocking action was antagonized by gallamine triethiodide. Thus far, the facts
run parallel with those originally described at the neuromuscular junction (Paton &
Zaimis, 1949) which led to the hypothesis that the block was due to a persistent
depolarization of the muscle end-plates (Zaimis, 1951 ; Burns & Paton, 1951); but
there are significant differences. We found gallamine triethiodide itself to have
no blocking action on the vasodilator nerve endings ; and, secondly, during a
decamethonium block, and when vascular tone had returned almost to its previous
resting level, acetylcholine injected arterially exerted its usual vasodilator action.
The latter finding also rules out competitive block by decamethonium, as was more
recently proposed to explain later findings at the neuromuscular junction (Zaimis,
1953 ; Thesleff, 1955a & b). Since virtually nothing is known of the physiology
of neuro-effector transmission at the sites of the autonomic system with which we
have been dealing, it is particularly hazardous to guess at the implications of our
results. The easiest explanation is that decamethonium had blocked the vasodilator
nerve-endings by preventing release of acetylcholine.
When we turn to the action of decamethonium on the effect of vagal stimulation
on heart-rate, the situation is still more complicated, for the electrical stimuli were
being applied to pre-ganglionic fibres. Thus, the finding in some experiments of
a block of the effect of nerve stimulation with a persistence of the effect of injected
acetylcholine could be explained by an action interfering with transmission from
pre- to post-ganglionic fibres. But since, in other experiments, the effect of injected
acetylcholine was considerably reduced, some action on neuro-effector transmission
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is definitely indicated. This could well be produced in more than one way, that is,
by prevention of the release of acetylcholine and by prevention of the action of
acetylcholine on the S-A node, one or the other of these two actions being more
conspicuous in a particular experiment.
In the small intestine, not only the effect of vagal stimulation, but also the
spontaneous activity of the gut was prevented, which may indicate an action
on the myenteric plexus. The spontaneous activity of the bladder was also blocked,
but without any action on transmission from the pelvic nerve.
Decamethonium can thus act on many different types of neurone: it has even
been reported recently to interfere with transmission in the spinal cord of the cat,
in a dose of 70 /ig/kg, which is smaller than that we used (Fujimori & Eldred, 1961).
The present findings show that decamethonium is not the drug of choice to prevent
muscular movements in the cat, when studying centrally regulated adjustments of
the cardiovascular system, and this consideration may also apply to other animal
species. On the other hand, some use might be made of findings which otherwise
seem to present unwanted complications ; for we now have a means of selectively
blocking the vasodilator fibres to skeletal muscle in the cat, leaving the other vaso¬
motor fibres still functional. It would be useful if a similarly selective block could
also be obtained in the human subject, in view of the recent interest in a similar nerve
supply to muscle blood vessels in man (Blair, Glover, Greenfield and Roddie, 1959 ;
Barcroft, Brod, Hejl, Hirsjarvi & Kitchin, 1960).
All in all, we are far from the simple statement of the mode of action of
decamethonium that once seemed possible. The results of these experiments serve
to show once more that it cannot be assumed that the effects of a drug are limited
to its best-known and most commonly described action.
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SENSORY CONNEXIONS TO THE HYPOTHALAMUS AND MID¬
BRAIN, AND THEIR ROLE IN THE REFLEX ACTIVATION
OF THE DEFENCE REACTION
By V. C. ABRAHAMS, S. M. HILTON axd J. L. MALCOLM*
From the National Institute for Medical Research, Mill Hill, London, N. W. 7
(.Received 11 October 1961)
It has long been known that the behavioural and autonomic responses
characteristic of flight or attack are integrated by structures in the hypo¬
thalamus and nearby mid-brain (Cannon & Britton, 1925; Bard, 1928).
The responses appear in acutely decerebrated or decorticated cats without
any deliberate stimulus being applied, and have been termed 'sham
rage'. Bard (192S) mentioned the possibility that the responses might
arise in such preparations from afferent impulses set up at wound edges
and impinging on the brain-stem structures concerned; but both he and
Cannon discussed their findings mainly in relation to Hughlings Jackson's
(1S93) concept that elimination of higher parts of the brain releases the
activity of lower parts. They thus gave the impression that some sponta¬
neous or tonic activity of the brain stem was being revealed in these
experiments.
Hess, whose detailed work led to the location of precise brain-stem areas
for integration of many basic behavioural patterns, also seemed to regard
responses such as flight or attack—which he called the defence reaction—
as automatic activities of the hypothalamus which could be inhibited or
facilitated from higher parts of the brain (Hess & Brugger, 1943). Yet
Woodworth & Sherrington (1904) had observed long before that several
components of the whole reaction to nociceptive stimulation in the cat
could be obtained as a stereotyped response to stimulation of the sciatic
nerve shortly after pre-collicular decerebration. They characterized this
as a reflex response and called it the pseudaffective reflex. Recently it has
been shown that if section of the brain stem is made at a slightly higher
level, so as to spare the hypothalamus, the reflex response then obtained,
even in an acute preparation, comprises most of the features of the defence
reaction (Abrahams, Hilton & Zbrozyna, 19606). In the chronic decorti¬
cate preparation, as first exemplified by Goltz's (1S92) dogs, such reactions
persist as stereotyped responses to given stimuli, quite unchanged so long
* Present address: Department of Physiology, Aberdeen University.
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as the animal survives. Thus, there is every reason to consider these
complex, autonomic and behavioural patterns of response as reflexes.
It is surprising, therefore, that, following the discovery of sensory
pathways which impinge upon the brain stem (Starzl, Taylor & Magoun,
19516), the role of such pathways has been considered mainly in relation
to the concept of the reticular activating system; and their possible
significance as the afferent pathways of specific brain-stem reflexes has
never yet been seriously considered. This was the hypothesis, however,
which led us to carry out experiments to see whether the brain-stem
regions which constitute the integrative centre for the defence reaction
have the sensory input necessary for them to function as a reflex centre,
in the usually accepted sense of this term.
It was clear from previous work that potentials could be evoked in part
of the mid-brain structures involved, in response to nociceptive stimula¬
tion (French, Verzeano & Magoun, 1953a) and flashes of light (Ingvar
& Hunter, 1955), and in part of the hypothalamic structures in response
to nociceptive stimulation (Dell, 1952; Feldman, van der Heide & Porter,
1959). But a large part of the centre for the defence reaction remained to
be explored systematically for resxionses evoked by different sensory
modalities.
In the present experiments, we have found that resxionses can be evoked
in all parts of the integrative centre for the defence reaction to brief
electrical pulses ax>plied to the superficial radial nerve or to the skin
itself, to single flashes of fight to the eye and to single clicks. Thus, the
afferent connexions do exist which would enable these brain-stem regions
to function as a reflex centre for the defence reaction.
METHODS
Most of the experiments were performed on cats anaesthetized with cliloralose in a single
intravenous dose of 60 mg/kg, after preliminary induction with ethyl chloride and ether.
In two cats pentobarbitone (30 mg/kg) was used instead. The electrodes used for recording
were placed by conventional stereotactic methods. The exact electrode positions were
determined after fixation of the brain in situ by examination of frozen sections of the
brain, stained by the Luxol Fast Blue technique of Kliiver & Barrera (1953).
Meta-l micro-electrodes were used, with tip diameters ranging from I to 10 p. They were
made from tungsten wire or stainless-steel surgical needles by electrolytic erosion (Hubel,
1957; Green, 1958). The conventional techniques of amplification and recording were used.
Auditory stimuli consisted of clicks, generated by passing a square wave through a roclielle-
salt crystal, or in later experiments, through a crystal microphone insert. Two sources of
visual stimuli were used, either a miniature neon lamp, or a miniature incandescent lamp
(L.E.S. 12 V, 0-75 W, Radiospares) driven directly from a stimulator. When the incandes¬
cent bulb was used, the flash produced was monitored by a phototransistor placed in close
apposition to the bulb. The output from the phototransistor was displayed on one beam of
the double-beam oscilloscope. In most experiments the light source was mounted close to
one eye, the pupil of which had previously been dilated by the local instillation of a 1 %
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solution ofatropine sulphate. When small, restricted areas of the retina were to be stimulated,
the light source was mounted on a perimeter, and by tho use of apertures of varying dia¬
meter the angle subtended by the light source could be controlled. The eye being illuminated
was secured to a ring by a few stitches in the sclera, and the other eye was occluded by a
tin-foil cup.
For cutaneous stimulation single shocks were delivered either to the superficial radial
nerve, or through a pair of needles inserted subcutaneously. In some experiments the action
potential generated in the superficial radial nerve was monitored by a pair of electrodes
placed proximal to the site of stimulation. When cutaneous stimulation led to small reflex
muscular movements, either decamethonium iodide (100 pg/kg) or gallamine triethiodide
(Flaxedil, 3 mg/kg) was injected and the animal maintained on artificial respiration.
In some experiments the cerebral cortex was removed under chloralose anaesthesia, either
by undercutting with a scalpel or by means of a suction apparatus. In all these experiments,
arterial blood pressure was continuously monitored by a Statham strain-gauge manometer
connected to one femoral artery.
RESULTS
Distribution of evoked 'potentials
In a previous investigation it had been concluded that certain regions of
the hypothalamus, central grey matter and mid-brain tegmentum function
as a reflex centre for the defence reaction (Abrahams et al. I960b). These
regions have been explored in cats anaesthetized with chloralose. All
regions were explored in eight cats, the hypothalamus alone in nine, and
the mid-brain alone in three.
Electrical potentials were evoked in all these regions by cutaneous,
auditory and visual stimuli. This has been demonstrated under other
experimental conditions for the posterior hypothalamus, central grey
matter and mid-brain tegmentum (Starzl et al. 19516; Dell, 1952; Iiigvar
& Hunter, 1953; Feldman et al. 1959). We recorded, in addition, responses
from more anterior regions of the hypothalamus, extending into the pre¬
optic region of the brain stem. Their distribution is illustrated in Fig. 1, in
which they are plotted on diagrammatic sections of the pre-optic region
(A) and at the chiasmatic (B) and tuberal (C) levels of the hypothalamus.
The sections on the right show, for comparison, the region at each level
from which the defence reaction is elicited on electrical stimulation. It can
be seen that the centre for the defence reaction occupies only a small part
of the region from which evoked responses can be obtained. This was found
to be true also for the posterior hypothalamus, the central grey matter and
mid-brain tegmentum.
Potentials were consistently elicited in all regions explored in response
to cutaneous stimulation. In the experiments in which the superficial
radial nerve was stimulated directly, the action potential was monitored
and it was found that the responses resulted from conduction centrally
by nerve fibres of the AS group.
Responses to auditory stimuli were only seen in 8 of the 20 experiments,
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Fig. 1. Diagrammatic coronal sections at three levels of cat's hypothalamus to
show points at which evoked potentials have been recorded. A, pre-optic region;
B, level of optic chiasma; C, tuberal region of hypothalamus. Extreme right-hand
section shows regions concerned with defence reaction (from Abrahams et al,1960b),
hatched region being that from which responses are regularly obtained and dots
indicating sites of responses obtained in individual experiments. The three panels
to the left of each semisection show distribution of evoked potentials in response
to cutaneous (Cut.), auditory (Aud.) and visual stimulation (Vis.). CA, anterior
commissure; Cli, optic ehiasma; Fx, fornix; RPO, pre-optie area.
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but in these 8 experiments the responses were found in all the regions
explored. This suggests that the absence of responses in the remaining
experiments was due to damage of the middle ear by the ear bars used to
fix the head.
Responses were evoked by visual stimuli in all but one experiment. In
any single experiment responses were not always seen in all the regions
explored, but as shown in Fig. 1, when the results from all 20 experiments
were put together, the responses were distributed throughout the centre
Below: diagrammatic coronal section of cat's brain through tuberal region of
hypothalamus showing position of recording electrode tip, medial to fornix.
for the defence reaction. The amplitude of these potentials depended on the
area of retina illuminated. An increase of the illuminated area from 1 to 10°
was sufficient to increase the amplitude of the evoked potential.
The electrical responses obtained by recording from any one point in the
brain stem were little altered by changing the position of the source of
stimulation. Figure 2 shows the responses recorded at a single point in tire
hypothalamus on electrical stimulation of six widely separated regions of
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the skin, on each of the extremities, at the root of the tail and between the
scapulae. Similarly, when small restricted regions (1°) of the retina of one
eye were illuminated, as shown on the perimeter diagram in Fig. 3,
similar evoked responses were seen at a single recording site whichever
retinal region was illuminated.
This evidence of convergence within a single sensory system was com¬
plemented by evidence of convergence between systems. The experiments
Fig. 3. Potentials evoked by flashes of light, illuminating 1° of retina. Above:
perimeter diagram with evoked potentials superimposed on the position of the
light source. Below: diagrammatic coronal section of cats' brain through tuberal
region of hypothalamus showing position of recording electrode tip, lateral to
fornix.
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of Starzl et al. (19516), Scheibel, Scheibel, Mollica & Moruzzi (1955) and
Amassian & Waller (1959) had shown considerable convergence of the
sensory pathways which relay into the mesencephalon and diencephalon,
and this was readily demonstrated in the present experiments. In four
cats the effect was examined of a response evoked by one sensory system
upon the response evoked shortly after by a different system. Evidence of
interaction between responses was obtained in tests carried out in the
Fig. 4. Interaction of potentials evoked by different stimulus modalities. Poten¬
tials recorded dorsal to raammillary body (as shown in diagrammatic coronal
section on right), in response to click (at arrow) followed by electrical stimulation
of forepaw skin (stimulus shown by artifact).
hypothalamus, superior colliculus, central grey matter and adjacent
tegmentum in that the second response was reduced or abolished when the
interval between the stimuli was sufficiently short. In Eig. 4 this is shown
for a response to cutaneous stimulation following one to a click. When
skin stimulation follows the click with an interval of 340 msec between
click and cutaneous stimulation, the response to the latter is just dis¬
tinguishable above the background. In several interaction experiments,
when the second response was reduced to this extent, a brief spike of short
latency still remained, possibly due to impulses in fibres running near the
tip of the electrode.
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Characteristics of the evoked potentials
The evoked potentials were complex, of long duration and were con¬
siderably affected by the fluctuations of potential which occurred in the
absence of deliberate stimulation. The potentials evoked by cutaneous and
auditory stimulation were not consistent in form from one animal to
another, neither were they related to the location of the electrode tip.
Potentials evoked by visual stimulation were more consistent, frequently
appearing as a double-peaked negative wave.
Fig. 5. Appearance of evoked potentials after administration of small doses of
chloralose to a cat anaesthetized with pentobarbitone (30 mg/kg). Potentials
recorded at single site in hypothalamus in response to shocks delivered to forepaw
skin (at arrow). Records taken before (A) and after I.v. administration of chloral¬
ose, 3-5 mg/kg (B), 7 mg/kg (C), and 10-5 mg/kg (D).
Whereas potentials in lemniscal pathways in the brain stem are rela¬
tively resistant to anaesthetics, those in extralemniscal pathways are
readily reduced or abolished by agents such as nitrous oxide, ether,
pentobarbitone and cyclopropane (French, Verzeano & Magoun, 19536;
Randt, Collins, Davis & Dillon, 195S). In two cats anaesthetized with
pentobarbitone (30 mg/kg) extensive explorations revealed only occasional,
small evoked potentials. Further, in cats under chloralose anaesthesia the
potentials were considerably reduced by intravenous injection of 3-4
mg/kg of pentobarbitone. In cats anaesthetized with pentobarbitone,
chloralose was found to antagonize the depression of the activity of the
extralemniscal system produced by the barbiturate. The successive
sweeps of Fig. 5 show the gradual appearance of a response to cutaneous
stimulation as small doses of chloralose (3-5 mg/kg) were given intra¬
venously to a cat anaesthetized with pentobarbitone.
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This is evidence of a facilitatory effect of chloralose on the neurones of the
afferent pathway, but, in addition, these experiments show one of the sites
where chloralose exerts a blocking action. Electrical stimulation via
electrodes stereotactically placed in the same brain-stem regions readily
elicits all the autonomic components of the defence reaction in cats under
chloralose. Nevertheless, even following intense cutaneous stimulation in
such cats it is not possible to obtain the autonomic components of the
defence reaction reflexly (Abrahams el al. 19606). It therefore appears that
one of the sites of action of chloralose is at the synapses between afferent
and efferent pathways in the brain-stem centre for the defence reaction.
Latencies of evoked potentials
In individual animals differences were recorded in the latencies of the
responses, according to the site of the recording electrode and the sensory
system being activated. The latencies also depended on the polarity of the
initial component, being shorter when this was negative-going. In 19
experiments, in which latencies were measured of responses to electrical
stimulation of the skin of the fore or hind limbs, the values lay between
6 and 16-5 msec. In most experiments the latencies tended to be shorter
in the central grey matter than in the hypothalamus, and so in two cats a
large number of observations were made of latencies in both brain-stem
regions. Only responses with an initial negative-going component were
compared. The mean value for the latency in the central grey matter was
shorter than that in the hypothalamus by 3-9 msec (t = 8-696, P < 0-001)
in one experiment and 6-1 msec (t = 11-05, P < 0-001).in the other. The
latencies of the responses evoked in the hypothalamus were, of course,
longer than those recorded in the somatic sensory cortex. In 2 experiments
potentials were recorded simultaneously at a point in the hypothalamus
and at a site on the precruciate region of the cerebral cortex where the
shortest latencies were found. The latency of the cortical responses was
always less than that of the corresponding hypothalamic response, the
mean difference being 4 msec in one experiment and 5-1 msec in the other.
The latencies of the responses to auditory stimulation ranged from 10 to
22 msec, there being no consistent difference in the values recorded in the
various brain-stem regions. The responses to visual stimulation appeared
with longer latencies—from 40 to 50 msec in all regions—except for the
hypothalamus where they were as short as 30 msec in one experiment and
as long as 68 msec in another.
Evoked potentials after removal of the cerebral cortex and based ganglia
In four cats under chloralose anaesthesia decerebration was performed
at a high level with the intention of removing most of the brain lying
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dorsal and anterior to the hypothalamus. The recording electrode was then
inserted into the various regions of the brain stem. In all experiments
cutaneous stimulation evoked responses in the relevant mid-brain regions:
that is, in the central grey matter and the adjacent tegmentum. This is
illustrated by the results shown in Fig. 6. Auditory stimulation evoked
responses in these regions in only one cat, but in no experiment were res¬
ponses obtained to visual stimulation. In 3 of the experiments the line of
section encroached upon the hypothalamus, and evoked potentials were
20 msec
Fig. 6. Responses evoked by cutaneous stimulation (at arrow), recorded at four
points in the mid-brain of a cat decerebrated under chloralose anaesthesia. GC,
central grey matter; CS, superior colliculus.
not recorded in this region. In the remaining cat the hypothalamus was
intact and potentials were evoked in this part of the brain stem by cuta¬
neous stimulation, but not by auditory or visual stimuli. The responses to
cutaneous stimulation were recorded from sites both in the tuberal and
pre-optic regions, an example from the tuberal region being shown in
Fig. 7.
In live cats under chloralose anaesthesia the cerebral cortex was removed
in stages by suction. A recording electrode had previously been intro¬
duced into the hypothalamic region and evoked potentials obtained. This
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electrode was left in situ during removal of the cortex. The advantage of
this method is that it allows the potential to he followed through successive
stages of the decortication, although it is difficult to avoid damage to the
brain stem by movements against the electrode, particularly when the
cortex in the vicinity of the electrode is being removed. Nevertheless, in
every experiment the cutaneous evoked responses survived removal of the
pericruciate area and the orbitofrontal cortex anterior to it, regions which
include the primary and secondary cortical receiving areas. Similarly,
50 msec
Fig. 7. Above: potential evoked by cutaneous stimulation in hypothalamus of
cat decerebrated under chloralose anaesthesia. Below: diagrammatic coronal
section through tuberal region of hypothalamus showing position of recording
electrode, medial to fornix. The brain dorsal and lateral to the dotted line had been
removed before insertion of the recording electrode.
visual responses survived removal of the striate region and a large area of
surrounding cortex, including the whole of the occipital lobe. In 2 out of
the 5 experiments the response to cutaneous stimulation survived the
removal of nearly the whole of the cerebral cortex. In one of these the
visual response also survived (Fig. 8): in this experiment only the super¬
ficial layers of the cerebral cortex had been removed.






Fig. 8. Potentials evoked by flash of light before and after almost complete
removal of superficial layers of cerebral cortex of cat under chloralose anaesthesia.
Above: diagrammatic coronal section through tuberal region of hypothalamus
showing position of recording electrode, medial to fornix, and extent of removal
of cerebral cortex (shown by dotted line) at this level. Below: potentials evoked
(a) before and (6) after decortication.
DISCUSSION
This investigation has been primarily concerned with the afferent path¬
ways by which the defence reaction can he elicited reflexly. The term
'defence reaction' is here used to include not only the fully developed res¬
ponses of flight or attack, hut also the alerting response; for the evidence
suggests that the regions in the hypothalamus, central grey matter and
mid-brain tegmentum concerned in the integration of all these responses
are the same; the responses simply represent different stages in a graded
reaction. Hess & Briigger (1943) showed that the response to threshold
electrical stimulation of these regions of the brain is alerting, and that if
the stimulus is prolonged or its intensity increased the reaction progresses
to flight or attack. When the visceral signs of the defence reaction are
taken into account, most of them are seen to be fully developed during the
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early stages of the response, when the only outward sign is alerting, no
matter whether the alerting is produced by direct electrical stimulation of
the brain stem or by a stimulus from the external environment such as a
loud noise. This applies not only to such features of the response as pupil¬
lary dilatation and the rise in arterial blood pressure, which are not specific
to the defence reaction; but also to the atropine-sensitive muscle vaso¬
dilatation that Abrahams, Hilton & Zbrozyna (1960a, 6) have shown to be
a characteristic and invariable component, which is well developed during
alerting.
The appearance of evoked potentials in all these regions in response to
cutaneous, auditory and visual stimuli provides direct evidence of relays
from all three systems converging on the appropriate brain-stem regions.
It might be questioned whether the widespread distribution of the
evoked potentials arose in part from an action of chloralose. However,
when explorations have been made in similar regions of the cat's brain
without the use of any anaesthetic, the same distribution of evoked
potentials has been observed (e.g. Starzl et al. 19516; Feldman et al. 1959).
Our results, therefore, may be taken to indicate that the afferent connex¬
ions exist which would enable the brain-stem regions concerned to act not
simply as an integrative centre but, indeed, as a reflex centre for the
defence reaction.
The characteristic features of the evoked potentials were their long
latencies, sensitivity to barbiturate anaesthesia and persistence after
acute removal of the cerebral cortex. Potentials with these features have
been reported previously in the mid-brain of the cat and monkey (Starzl
et al. 19516; French et al. 1953a, 6). Starzl et al. (19516), who coined the
term 'afferent collateral system' for the multineurone pathway giving rise
to evoked potentials of this kind, believed this to be an afferent system
which activates large regions of the brain stem, so that these in turn can
maintain the cerebral cortex in a state of 'alertness'. Thus the function of
these parts of the brain stem has come to be considered mainly in relation
to the concept of the ascending reticular activating system (Lindsley,
Bowden & Magoun, 1949; Starzl, Taylor & Magoun, 1951a). It was
recognized that these parts of the brain stem can influence motor, auto¬
nomic and endocrine activity (Magoun, 1958), but attention has been
concentrated on one single manifestation of their activity. Yet there is
evidence from several sources, established over many years, which points
to the role of these regions as centres of complex, co-ordinated reflex
responses, integrating the autonomic and behavioural patterns of alimen¬
tary and sexual reflexes, as well as of the defence reaction (Goltz, 1S92;
Woodworth & Sherrington, 1904; Bard & Rioch, 1937; Bard, 1940). The
reflex centre for the defence reaction itself occupies a major part of the
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defence reaction, including the collateral afferent pathway, is intact, but
the projections of the classical sensory pathways are removed, defence
reflexes are continually produced, as stereotyped responses, even to hardly
noxious stimuli. A characteristic feature of the decorticate preparation,
therefore, is -the absence of inhibition as normally manifested in the
phenomenon of habituation. In the normal cat the alerting produced by
any sudden stimulus, such as the sound of a buzzer, soon disappears with
repetition of the stimulus. This is true also for the defence reactions in
response to weak noxious stimuli. Here we can see a possible significance
of the slowness of conduction in the collateral afferent system, reflected in
the long latencies of the evoked responses, as compared with the much
shorter latencies of the cortical evoked responses. The inhibitory pathway
which underlies the phenomenon of habituation involves the cerebral
cortex. Nevertheless, impulses set up in this inhibitory pathway must
arrive at the reflex centre, and so depress its excitability, before impulses
travelling in the multineurone pathway impinge on the centre. It is
possible that transmission is inhibited in the multi-neurone pathway
itself.
SUMMARY
1. In cats anaesthetized with chloralose, cutaneous, auditory and
visual stimuli evoke potentials in widespread regions of the hypothalamus,
central grey matter and mid-brain tegmentum.
2. These potentials appear after relatively long latencies. They are
reduced or abolished by small amounts of pentobarbitone, but survive
removal of the cerebral cortex.
3. Convergence of the afferent pathways is indicated by considerable
interactions obtained between potentials evoked by different sensory
systems. There is also convergence within the afferent pathways of a
single system.
4. The multineurone pathway giving rise to these potentials is
apparently identical with that originally termed the afferent collateral
system, which is usually considered in relation to the concept of the
ascending reticular activating system. It is suggested, however, that the
significance of this pathway lies chiefly in connexion -with complex reflexes
organized at the level of the hypothalamus and mid-brain, such as the
defence reaction, and that it constitutes the afferent limb of the un¬
conditioned reflex.
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Electrical activity in the brain stem of cats during eserine per¬
fusion of the cerebral ventricles
By V. C. Abrahams and H. Edery.* National Institute for Medical
Research, Mill Hill, London, N. W. 7
In cats anaesthetized with chloralose the cerebral ventricles have been
perfused from one lateral ventricle to the cisterna with a fluid containing
eserine sulphate 10 yg/ml. Within a few minutes of commencing perfusion
unit discharges appear in the central grey matter and neighbouring
tegmentum. The rate of discharge steadily increases for about 1 lir, then
slows and ceases.
No equivalent discharge of units occurs in either the hypothalamus or
caudate nucleus during the eserine perfusion. Unit discharges already
present in the hypothalamus before commencing the eserine perfusion
persist unaltered for several hours. In one experiment a pattern of unit
discharge resembling that observed in the central grey matter was recorded
from the amygdala, commencing in the 80th minute of eserine perfusion.
During the eserine perfusion there occurs, however, an increase in back¬
ground activity in the caudate nucleus, hypothalamus and the central
grey matter. This effect occurs after 60-90 min perfusion. An earlier effect
is seen on the potentials evoked in these structures on electrical stimu¬
lation of the skin. These potentials are prolonged within 15 min of the
eserine perfusion and this effect persists for long periods until the potentials
suddenly collapse. In the amygdala the evoked potentials are not affected
even if the eserine perfusion is continued for several hours, but there is an
increase in background activity coincident with that appealing in the
other subcortical structures.
Perfusion of the cerebral ventricles with eserine is known to result in the
appearance of acetylcholine (ACh) in the effluent fluid (Adam, McKail,
Obrador & Wilson, 1938; Bhattacharya & Feldberg, 1958). In the present
experiments a correlation between the electrical activity of the brain
and the output of ACh has been found. When pentobarbitone sodium
is injected intravenously during the course of perfusion a sharp reduc¬
tion in low-voltage background activity is seen, which is accompanied
by a fall of 30-60 % in the output of ACh. These results thus support the
conclusion of Bhattacharya & Feldberg (1958) that ACh appears as a
result of central neuronal effects. Initially the ACh might arise from
neurones discharging in the central grey matter; in later stages ofperfusion
it might also arise from the low-voltage background activity.
* Permanent address: Israel Institute for Biological Research, Xess-Ziona, Israel.
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Histochemical localization of cholinesterases in some brain stem
regions of the cat
By V. C. Abrahams. National Institute for Medical Research, Mill Hill,
London, N. W. 7
The thiocholine method for histochemieal localization of cholinesterases
(Koelle & Friedenwald, 1949) as modified by Holmstedt (1957) was used
to examine the distribution of true and pseudocholinesterases in regions of
the cat's brain stem anterior to the inferior colliculi. In these regions
cholinesterases are found in association with both neuronal and glial
elements.
True cholinesterase is not only present in neuronal cytoplasm and on
neuronal membranes, but is also present in high concentrations in some
glia, particularly the hippocampal astrocytes, protoplasmic astrocytes in
the dorsal hypothalamus and in the subependymal cell plate.
Pseudocholinesterase is present in high concentrations in some nuclear
groups, particularly in the lateral nucleus of the substantia nigra, the 3rd
nerve nucleus, the red nucleus, the deep layers of the superior colliculi and
in nucleus centramedianus, nucleus paracentralis and nucleus subthala-
rnicus. In these thalamic nuclei pseudocholinesterase is confined to the
cytoplasm of the cells. It is also piesent in fibres of the optic nerve, optic
chiasma, mamillo-thalamic tract, descending columns of the fornix and the
cerebral peduncles. Pseudocholinesterase is also present in the peri¬
ventricular glia, but only in small amounts. In the cuboidal ependyma of
the hypothalamus it is present on the medial aspect of the cells. Else¬
where in the periventricular glia pseudocholinesterase is seen as scattered
granules.
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Interactions between evoked potentials and background electrical
activity in the hypothalamus of the cat .
By V. C. Abrahams and E. P. Langworth.* National Institute for
Medical Research, Mill Hill, London, N. W. 7
Visual, auditory and cutaneous stimuli may lead to the appearance of
evoked potentials in the hypothalamus of cats anaesthetized with chlora-
lose. The form of these evoked potentials is affected by fluctuations in
background electrical activity (Abrahams, Hilton & Malcolm, 1962).
We have now found that a fixed relation exists between background
electrical activity and evoked potentials. The timing of a stimulus in
" relation to background activity determines whether or not an evoked
potential appears and, to a considerable extent, the form of the evoked
potential.
The background electrical activity recorded in the hypothalamus of
the cat anaesthetized with chloralose consists of high-amplitude spikes
distributed amongst bursts of low-amplitude ( < 50 /iY) waves. The spikes
usually consist of a negative-positive complex with a negative excursion
in excess of 100 /iY, lasting about 50 msec, followed by a positive deflexion
of some 50 /iY which decay in 200-300 msec or longer.
Electrical stimulation of the skin during the presence of bursts of low-
amplitude waves did not usually lead to an evoked potential, but barely
recognizable potentials were occasionally seen. The interaction between
an evoked potential and the high-amplitude spikes took one of two forms.
Less commonly the pattern resembled the interaction between two
evoked potentials, for stimulation of the skin during or immediately
following a spike led only to the appearance of a minute negative-going
potential. When the interval between the spikes and the stimulus
lengthened, then an evoked potential appeared.
More commonly, the effect of a stimulus arriving during the spike
complex was to initiate a potential change. In the negative portion of the
complex this consisted of a sharp positive deflexion. In the positive part
of the complex the positive deflexion was reduced and followed by a nega¬
tive wave whose amplitude increased as stimuli arrived later in the positive
complex. Stimuli arriving at a similar point in the negative-positive
complex always resulted in the same potential change.
Using the discriminator described by McDonald (1963) we examined
the result of applying stimuli during periods of minimal background
activity. Evoked potentials then showed great constancy in their latency
* M.R.C. Clinical Research Fellow.
and form, but their amplitude was slightly variable; on occasion an
evoked potential failed to appear.
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Interaction between evoked potentials and background electrical
activity in the brain stem of the cat. Its effect on 'computer
averaging'
By V. C. Abrahams, E. P. Langworth* and M. McDonald. From the
National Institute for Medical Research, Mill Hill, London, N.W. 7
We have recently described a pattern of interaction between background
electrical activity in the hypothalamus and potentials evoked there by
electrical stimulation of the skin. Stimuli applied during periods of
minimal background electrical activity lead to evoked potentials of rela¬
tively consistent form, amplitude and latency, but during appreciable
background activity most stimuli either do not lead to evoked potentials,
or they lead to potentials of reduced amplitude which show considerable
but predictable variation (Abrahams & Langworth, 1963).
A similar pattern of interaction between evoked potentials and back¬
ground activity has now been found to occur in other brain-stem regions,
and is present whether potentials are evoked by cutaneous stimuli or by
a light flash. This pattern of interaction may thus be a general pheno¬
menon. It is of note that Raab & Kiang (1955) describe a negative correla¬
tion between background electrical activity and the amplitude of evoked
potentials in the auditory cortex of cats anaesthetized with Dial. The
functional significance of the interaction between background activity and
evoked potentials is at present uncertain.
There are, however, immediate practical consequences of this inter¬
action. Recently attempts have been made to overcome variation in
evoked potentials by 'computer averaging' (Goldstein, Peake, Geisler,
Kiang, Sandel & Barlow, 1959; Brazier, 1960; Goldstein, 1961), a tech¬
nique in which evoked potentials are arithmetically summed. The average,
when computed, gives a stable wave form which is used as a base line,
and changes in these averaged potentials have provided a means, for
example, of assessing drug actions. However, when alterations in back¬
ground activity are not taken into consideration, changes in evoked
potentials demonstrated by the averaging technique may be invalid.
This is readily demonstrated by an experiment in which 3 mg pento¬
barbitone sodium/kg is injected intravenously into a cat anaesthetized
with chloralose. The background activity recorded from the hypothalamus
is then substantially reduced, and the effect on averaged evoked potentials,
recorded at 5 sec intervals, is an increase in amplitude (cf. Brazier, 1960).
The present experiments show that this increase is misleading. It is
* M.R.C. Clinical Research Fellow.
[P.T. O.
Reprinted from
PROGRESS IN BRAIN RESEARCH — VOL. 6
W. Bargmann and J. P. Schade (Editors)
Topics in Basic Neurology
Elsevier Publishing Company, Amsterdam, 1964
Printed in The Netherlands
Brain Stem Electrical Activity and the Release of
Acetylcholine
V. C. ABRAHAMS and H. EDERY*
The National Institute for Medical Research, Mill Hill, London
When the cerebral ventricles of the cat or dog are perfused with an anticholinesterase,
acetylcholine appears in the effluent (Adam, McKail, Obrador and Wilson, 1938;
Bhattacharya and Feldberg, 1958). By analogy with other sites it seems likely that this
acetylcholine arises from the activity of cholinergic neurones. This being so, we would
expect the output of acetylcholine to be related to activity, for the output of acetyl¬
choline from a perfused ganglion is increased by preganglionic stimulation (Feldberg
andGaddum, 1934; Feldberg and Vertiainen, 1934; Brown and Feldberg, 1936; Perry,
1953; Emmelin and Macintosh, 1956), and when acetylcholine is collected from the
exposed surface of the cerebral cortex there is a definite relationship between the
amounts of acetylcholine appearing and the cortical electrical activity (Macintosh and
Oborin, 1953; Mitchell, 1961). Attempts to relate the output of acetylcholine from
perfused cerebral ventricles with activity have been less successful. Adam et al. (1938)
electrically stimulated the hypothalamus during perfusion of the cerebral ventricles
of the dog with eserine, and found this to increase the acetylcholine output in half
the animals, but the increase was attributed to thermal damage caused by the stimulus.
Hilton and Schain (1961) who performed similar experiments in cats were unable to
demonstrate any increase in acetylcholine output even to extreme electrical stimulation
of the brain.
The effect of cholinesterase inhibition on the electrical activity of a cholinergic site
can be manifested in two ways, it can initiate unit activity (Eccles, Fatt and Koketsu,
1954; Eccles, Eccles and Fatt, 1956; Curtis and Eccles, 1958; Curtis and Koizumi,
1961; Curtis, Phyllis and Watkins, 1961; Krnjevic and Phyllis, 1961) or it may po¬
tentiate existing unit discharge or evoked potentials (Eccles, 1952; Eccles, Fatt and
Koketsu, 1954; Taverner, 1954; Desmedt and Schlag, 1957). In order to find whether
the acetylcholine present in ventricular effluents is neuronal in origin we examined
the electrical activity of periventricular brain regions during perfusion of the cerebral
ventricles with eserine. We recorded background activity and unit discharges as well
as potentials evoked by electrical stimulation of the skin of one forepaw.
All experiments were performed on cats lightly anaesthetized with chloralose (60
* Present address: Israeli Institute for Biological Research, Ness-Ziona, Israel.
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mg/kg). In each animal up to 4 stainless steel micro-electrodes (Green, 1958) were
implanted into brain structures bordering the ventricular system. The electrodes
were sealed in position with dental cement and the brain was perfused from one lateral
ventricle to the cisterna magna (Bhattacharya and Feldberg, 1958). Although the
whole ventricular system was perfused, the recording electrodes were positioned in
structures close to the lateral and third ventricles and the anterior portion of the
aqueduct of Sylvius, for Bhattacharya and Feldberg (1958) had shown these regions
to be the probable source of most of the acetylcholine.
Perfusion of the ventricles with an artificial CSF solution had no effect on electrical
activity of brain structures surrounding the cerebral ventricles, but when the perfusion
fluid included one part in 50,000 of eserine sulphate, then, within a few minutes an
intense discharge of units began in the central grey matter (Fig. 1). After about half
100 msec
Fig. 1. Eserine perfusion initiates unit discharge in the central grey matter. The diagram on the right
indicates the position of the recording micro-electrode in the central grey matter. No unit activity
was present before commencing eserine perfusion. The three panels on the left show unit activity
initiated by eserine, its reduction and disappearance during prolonged eserine perfusion. The time
on the left of each panel indicates the duration of eserine perfusion. Time constant: 2msec; S.C. =
superior colliculus; C.G. = central grey matter.
an hour of rapid firing the rate of unit discharge slowed and after another half hour
it ceased. Such eserine-induced activity restricted to the central grey matter was found
in no other region except in one experiment when a similar discharge was recorded
from a single unit in the anterior amygdala commencing in the 130th minute of per¬
fusion.
In other brain regions such as the hypothalamus, unit activity was commonly
recorded in the control period before eserine perfusion but was not affected by per¬
fusion of the cerebral ventricles with eserine even for prolonged periods (Fig. 2).
References p. 34135
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Fig. 2. Unit activity in the hypothalamus is unaffected by eserine perfusion. The lower diagram shows
the position of the recording micro-electrode in the tuberal region of the hypothalamus. The top
panels show the pattern of unit discharge before eserine perfusion and after 2 h and 4 min of eserine
perfusion. Time constant: 2 msec.
Despite the absence of effect on unit activity in these regions, eserine perfusion caused
a considerable increase of their slow wave electrical activity. In the hypothalamus,
caudate nucleus and in amygdaloid structures this activity became apparent within




Fig. 3. Increase in hypothalamic slow wave activity after eserine perfusion of the cerebral ventricles.
Time constant: 200 msec.
appearing within 15 minutes or so of perfusion at a time when the unit discharge was
at its peak.
Eserine perfusion also greatly changed the evoked potentials in the central grey
matter, hypothalamus and caudate nucleus, but caused only minor changes in the
References p. 34/35
ELECTRICAL ACTIVITY AND ACETYLCHOLINE 29
evoked potentials recorded from amygdaloid structures (Fig. 4). In the central grey
matter eserine perfusion led to a prolongation of the evoked potentials together with
an increase in amplitude. The changes in evoked potentials recorded from the caudate
nucleus and the hypothalamus were more complex. The early small negative wave
Fig. 4. Potentials evoked in the hippocampus by electrical stimulation of the skin of one forepaw
before and after eserine perfusion. The lower diagram shows the position of the recording micro-
electrode in the hippocampus. The top left panel shows an evoked potential recorded before eserine
perfusion, and the top right hand panel shows a potential recorded after 2 h and 18 min of eserine
perfusion. Time constant: 200 msec.
associated with the afferent volley (Abrahams, Hilton and Malcolm, 1962) is enhanced,
but as Fig. 5 shows, the main late wave due to local activity fractionates into an early
and late peak, and then becomes reduced and delayed. Thus eserine potentiates the
afferent volley but its local effect on the hypothalamus and caudate nucleus is quite
different.
The recording experiments show that eserine perfusion of the cerebral ventricles
can lead to substantial alterations in the electrical activity of the brain stem, although
the only change typical of a cholinergic site was the unit discharge observed in the
central grey matter. The effects on slow wave activity and on evoked potentials
suggest complex actions, both direct and indirect, on brain stem structures.
Evidence has been obtained that the increase in slow wave electrical activity is itself
responsible for some of the acetylcholine which appears in the ventricular effluent for
References p. 34/35
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there is an association between the electrical activity and the output of acetylcholine.
Slow intravenous infusion of 10 /rg/kg pentobarbitone sodium (Nembutal, Abbott)
which reduced or abolished slow wave electrical activity in all regions reduced the
acetylcholine output by 30-60 %. But even when all the electrical activity was abolished,
some acetylcholine was still being released, thus raising the possibility that some of
the acetylcholine appearing may not necessarily be directly related with any neuronal
event.
100 msec
Fig. 5. Potentials evoked in the hypothalamus by electrical stimulation of the skin of one forepaw.
The right hand diagram shows the position of the recording micro-electrode in the hypothalamus.
The top left hand panel shows an evoked potential recorded during perfusion of the cerebral ventricles
with a CSF solution, and after 15 and 130 min of eserine perfusion. Time constant: 200 msec.
Our other experiments were therefore concerned with the histochemical examination
of cholinesterase distribution in the cat brain stem, for apart from one account of the
regional distribution of cholinesterases (Snell, 1961t little is known of their detailed
Fig. 6. Serial coronal sections of the cat brain at the level of the superior colliculus to show the
distribution of cholinesterases. (A) All cholinesterase. Incubated for 3 h in acetylthiocholine. No
inhibitors present. (B) True cholinesterase. Incubated for 3 h in acetylthiocholine. Mipafox as in¬
hibitor of pseudocholinesterase. (C) Pseudocholinesterase. Incubated for 3 h in acetylthiocholine.
B.W. 284c51 as inhibitor of true cholinesterase.
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location. We used Holmstedt's (1957b) modification of the thiocholine technique of
Koelle and Friedenwald (1949). The advantage of this modification is the reliability
of the discrimination between true (acetylcholinesterase) and pseudocholinesterase
(non-specific cholinesterase), and the ability to demonstrate cholinesterase at sites of
low activity (Holmstedt, 1957a; Holmstedt and Sjoqvist, 1961). The incubations were
performed on batches of serial 10-// sections cut from unfixed brain.
It has been shown in rat, sheep, cat, monkey and man that there are wide variations
in the concentrations of cholinesterases from one brain region to another (Koelle,
1954; Pokrovskii and Ponomareva, 1961; Snell, 1961; Palmer and Ellerker, 1962).
Fig. 6 shows the differences we found in local concentrations of both true and pseudo-
cholinesterases.
In sections incubated in acetylthiocholine we found high concentrations of cholin¬
esterases in the caudate nucleus, the interpeduncular nucleus, the substantia nigra, the
red nucleus, the 3rd nerve nucleus, the superior colliculi, the central grey matter and
in three thalamic nuclei (N. centremedianum, N. submedianum and N. reticularis).
Fig. 7. Sections of periventricular regions of the cat brain stem showing the absence of true cholin¬
esterase in the immediate periventricular regions. (A) Coronal section through the anterior portion of
the lateral ventricle. SEP = sub-ependymal cell plate; LV = lateral ventricle; CN = caudate nucleus.
(B) Coronal section through the aqueduct of Sylvius. Aq = aqueduct; CG = central grey matter.
(C) Coronal section through the 3rd ventricle. 3V = third ventricle; OT = optic tract.
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Lesser concentrations were found in many regions including the hypothalamus, the
habenulus and in cellular layers of the hippocampus and Amnion's horn. Control
incubations using selective inhibitors as well as butyrylthiocholine as substrate showed
that although much of this cholinesterase was true cholinesterase there was a sub¬
stantial proportion of pseudocholinesterase present, particularly in the lateral nucleus
of the substantia nigra, the 3rd nerve nucleus, the red nucleus and in the thalamic
nuclei previously referred to.
Ofparticular interest in view of the electrical changes found in the present experiments
was the finding (Fig. 7) that the immediate periventricular regions of the lateral and
third ventricles and of the aqueduct of Sylvius are devoid of true cholinesterase. Such
cholinesterase as is present is pseudocholinesterase, which appears as scattered deposits,
except in the dorsal part of the third ventricle where it is evenly distributed on the
medial aspect of the cuboidal ependyma (Fig. 8B).
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Fig. 8. Pseudocholinesterase distribution at two sites in the cat brain stem. (A) Section of N. centre-
medianum of the thalamus showing pseudocholinesterase in the cytoplasm of neurones. (B) Coronal
section through the dorsal portion of the 3rd ventricle showing pseudocholinesterase on the medial
aspect of ependymal cells.
The details of the cellular arrangements of both true and pseudocholinesterase do
not permit any single assumption to be made concerning the role of these enzymes in
the brain. It has frequently been stated that true cholinesterase is predominantly
found in neurones and pseudocholinesterase in glia (Bulbring, Philpot and Bosanquet,
1953; Cavanagh, Thompson and Webster, 1954; Desmedt, 1956; Desmedt and La
Grutta, 1957). Examination of our sections does not support such a clear cut dis¬
tinction, for substantial concentrations of true cholinesterase were found associated
with glial elements and substantial concentrations of pseudocholinesterase with neu¬
rones. As Fig. 9 shows protoplasmic astrocytes in both the dorsal hypothalamus and
the central grey matter have a high concentration of true cholinesterase on their
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processes and scattered on their cell bodies, and the astrocytes of the hippocampus
were also found to be rich in the enzyme. The fibre ramifications in the superficial
layers of the superior colliculi, axonal and glial, are also rich in true cholinesterase, and
the enzyme is present on the sub-ependymal cell plate.
Fig. 9. Distribution of true cholinesterases. (A) Protoplasmic astrocyte of dorsal hypothalamus. A
low power view of these cells can be seen in Fig. 7C. (B) Astrocytic and axonal fibres in the superficial
layers of the superior colliculus. (C) Fibrous astrocytes of the hippocampus.
The association of pseudocholinesterase with neurones is illustrated in Fig. 8A.
Neurones in the thalamic nuclei which are rich in pseudocholinesterase contain the
enzyme in the cytoplasm of the cell bodies. In other regions pseudocholinesterase
appeared to be localised on the membranes of nerve cells whose cytoplasm contains
no cholinesterase at all. Pseudocholinesterase was also found in the large fibre tracts
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of the brainstem, including the cerebral peduncles, the mamillothalamic tract, the
optic nerve and the descending columns of the fornix. However, we cannot say
whether the fibres which stain are axons or glial processes.
Despite the various anomalies found in these experiments, a considerable proportion
of the true cholinesterase of the brain stem is associated with neurones, sometimes in
appreciable concentrations on the cell boundary and sometimes within the cell cyto¬
plasm.
To what extent is it possible to reconcile the histochemical findings with the changes
in electrical activity resulting from perfusion of the cerebral ventricles with eserine?
The absence of true cholinesterase from the regions lining the ventricles suggests that
eserine must penetrate the brain substance with great rapidity, unless of course sig¬
nificant effects can arise as a result of pseudocholinesterase inhibition of the regions
immediately adjacent to the ventricles. This explanation is not likely, for the behaviour
of units in the central grey matter is typical of a cholinoceptive site treated with an
anticholinesterase, so that local eserine penetration must be assumed. The other effects
of eserine perfusion, the increase in the slow wave background activity and the various
changes in evoked potentials do not permit of any simple explanation. It is possible
that such changes could be due to inhibition of neuronal cholinesterase, but equally
the effects may be entirely secondary to the inhibition of cholinesterases at a non-
neuronal site. At the present time these experiments demonstrate the possibility that
cholinesterase may serve many functions within the brain and that it is not sufficient
to assume that the results of anticholinesterase poisoning are explicable solely in terms
of effects on cholinergic neurones.
SUMMARY
The electrical activity of brain structures surrounding the lateral and third ventricles
and the aqueduct of Sylvius were recorded during eserine perfusion of the ventricular
system. Such perfusion led to an intense transient unit discharge in the central grey
matter and to an increase in the slow wave background electrical activity at many
brain stem sites. Histochemical examination of the same regions of the brain stem
showed a high proportion of the cholinesterase to be present at non-neuronal sites.
Some of the observed electrical effects of cholinesterase inhibition may thus be
secondary to inhibition of the enzyme at non-neuronal sites.
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Gerebtzoff: Concerning the subependymal localization of true cholinesterase I
would suggest the possibility of an artefact, since the technique is conducted on
unfixed preparations.
Abrahams: The possibility of staining not being due to true cholinesterase is
unlikely. The identification of true or pseudocholinesterase is based on an examination
of seven serial sections which between them embrace the full range of inhibitor and
substrate combinations proposed by Holmstedt. Thus there are ample controls. In
any case I would expect unfixed preparations to be less prone to artefact than fixed
preparations.
J. Physiol. (1964), 171, pp. 189-202
With 6 text-figures
Printed in Great Britain
189
THE ROLE OF ACTIVE MUSCLE VASODILATATION IN THE
ALERTING STAGE OF THE DEFENCE REACTION
BY V. C. ABRAHAMS,! S. M. HILTON AND A. W. ZBROZYNA*
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Muscle vasodilatation, produced by cholinergic nerve fibres of the sym¬
pathetic system, appears to be an integral feature of the defence reaction
which an animal displays as a reflex response to any sudden stimulus
(Abrahams, Hilton & Zbrozyna, 19606). This vasodilatation is itself only
one component of a complex pattern of cardiovascular change in which a
greatly increased cardiac output is directed chiefly through the skeletal
musculature. As previously emphasized, the defence reaction is a graded
response whose behavioural expression is manifested initially as alerting.
With sufficiently intense stimulation it will culminate in flight or attack,
and the complex cardiovascular reaction seems best regarded as a prepara¬
tory adjustment of the animal for the muscular exertion inseparable from
these activities (Abrahams et al. 19606; Abrahams, Hilton & Malcolm,
1962). Studies of the changes of muscle blood flow in the conscious cat
have reinforced this view (Abrahams, Hilton & Zbrozyna, 1960a).
The experimental results which are described here show that atropine-
sensitive muscle vasodilatation occurs when the earliest behavioural signs
of alerting are seen, whether such alerting has been produced by direct
electrical stimulation of the appropriate brain-stem regions, or by a sudden
environmental stimulus such as a flash of light or the sound of a buzzer.
Further, the vasodilatation is readily obtained as a conditioned-reflex
response.
In all these experiments use has been made of temperature changes of
the whole-limb venous effluent as an index of muscle blood flow in the
conscious animal (Abrahams, 1959). The results of experiments on
anaesthetized cats which demonstrate the validity of this technique are
included in this paper.
METHODS
Anaesthetized cats. Cats were anaesthetized with chloralose, 70 mg/kg, injected intra¬
venously after induction of anaesthesia with ethyl chloride and ether. One hind limb was
* Rockefeller Fellow. Present address: Medical Research Council, Clinical Research
Wing, Institute of Orthopaedics, Stanmore, Middlesex.
f Present address: Physiology Department, Queen's University, Kingston, Ontario,
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prepared for registration of changes of muscle blood flow, as previously described (Abrahams
et al. 19606) and the other for registration of changes of whole-limb flow by the same method,
except that the skin was not separated from the underlying tissues. On each side the
femoral venous outflow was passed via a polyethylene cannula through a photo-electric
drop recorder and returned to the femoral vein more centrally. Localized stimulation in
the region of the hypothalamus integrating the defence reaction was effected by the use
of stereotactically placed steel micro-electrodes, also as previously described (Abrahams
et al. 19606).
Conscious cats. The cats were in a sound-proofed observation chamber with a double glass
panel in the front wall. They were observed through a half-silvered mirror mounted outside
and attached to the base of this wall at an angle of 45°. With good illumination in the cham¬
ber and a dim light outside, the animal could not see out of the chamber, neither could it
see a reflexion of itself. A loudspeaker mounted on one inner wall and a 500 W projection
lamp behind a protective wire-netting screen were used for delivering acoustic and visual
stimuli respectively, and a microphone for monitoring sounds. Sockets in the wall were
available for connexion to a multi-way lead which could be fixed to a connector on a thick
polyethylene jacket worn by the animal. The lead was held by a light spring attached to
the roof of the chamber, so that the animal could move freely.
Stimulation of brain-stem and skin. For these experiments electrodes were implanted
stereotactically into the brain-stem in sterile operations under pentobarbitone anaesthesia,
as previously described (Abrahams et al. 19606). The leads from the electrodes were fixed
to the connector on the polyethylene jacket. The skin of the footpads was stimulated by
passing current through a metal grid on which the animal was standing. Square waves of
1-5 msec duration at 40/sec were applied, at whatever voltage was found necessary to
produce behavioural alerting. In the conditioning experiments in which a more precise
control of the stimulus was required, two sterile Michel clips, with leads attached, were
fixed to the skin of the back about 2 in. (5 cm) apart. The intensity of the electrical stimula¬
tion was then 10 V, the other parameters being the same. The clips were protected by the
polyethylene jacket, and the leads were fixed to a connector on it. These clips appeared to
cause the animal no discomfort and could be left in situ for about a week without any
untoward reaction.
Registration of venous-effluent temperature. In experiments lasting a single day changes
of muscle blood flow were indicated by a venous-temperature method (Abrahams, 1959),
in which a small chamber bearing a thermistor bead is inserted between the cut ends of the
femoral vein. The operation was performed under ether anaesthesia, and heparin (1000 u./kg)
was injected intravenously before the vein was opened. The leads were sutured to the fascia
on the ventral aspect of the thigh at several points, then led under the skin and brought
out between the scapulae at a site protected by the polyethylene jacket, to be fixed to a
connector on the jacket. The actual experiment was carried out several hours after recovery
from the anaesthetic and the animal was killed at the end of the day with an overdose of
pentobarbitone, given intraperitoneally.
When the cat was to be observed over a period of days or weeks the method was modified
as previously described (Abrahams et al. 19606), the thermistor bead being mounted in a
cuff placed round the unopened vessel.
RESULTS
Experiments on anaesthetized cats
In a previous investigation we showed that the atropine-sensitive vaso¬
dilatation in skeletal muscle, which appears to be a characteristic com¬
ponent of the defence reaction, can be obtained as a feature of the pseud-
affective reflex response to stimulation of a peripheral nerve in the high-
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decerebrate cat (Abrahams et al. 19606). We also showed that this increase
in muscle blood flow could be registered indirectly with a venous blood
temperature recorder. Before we could extend the use of this simple
recording technique to a study of the occurrence of similar vascular changes
s
Fig. 1. Cat, chloralose. Records of venous outflow from skinned hind limb
(upper record) and whole hind limb (lower record), showing similarity of increases
in flow on stimulation (at s) in hypothalamic region for the defence reaction
(cf. Abrahams et al. 19606). Time marker, 30 sec.
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in the normal, conscious animal without any operation to separate skin
and muscle blood flow, it was necessary to carry out experiments on the
changes in the flowofmixedvenous blood through the femoralvein, and to see
how these compared with the changes of muscle blood flow, recorded simul¬
taneously. The experiments were performed on three cats, and it was found





Fig. 2. Cat, chloralose. Upper record, venous outflow from whole hind limb.
Lower record, venous effluent temperature, recorded simultaneously but with
different time scale (upward deflexion = increase in temperature). At s, electrical
stimulation for 10 sec in hypothalamic region for the defence reaction (cf.
Abrahams et al. 19606).
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integrating the defence reaction, produces an increase in blood flow through
the whole hind limb, which is practically as great as that recorded simul¬
taneously in the muscles of the other hind limb. The contribution of the
skin blood flow to the whole-limb flow appears to be so small that the skin
vasoconstriction, which occurs as part of the complex circulatory response,
is almost completely obscured by the increase in muscle blood flow. Thus,
during this reaction the change in whole femoral venous flow is a reliable
index of the increase in flow through the muscles of the hind limb. The
femoral venous temperature changes associated with these increases in
whole-limb flow were recorded in experiments on four cats. As is illus¬
trated in Fig. 2, with an approximately fourfold increase in blood flow,
which was the usual effect of hypothalamic stimulation, the venous blood
temperature increased by 0-5° C or more. With greater increases in blood
flow the venous effluent temperature could increase by as much as 1° C.
When the increase in flow was only threefold, the temperature increase
was about 0-3° C.
Experiments on conscious cats
Evidence for muscle vasodilatation as an early component of the defence
reaction
Hypothalamic stimulation. The same parameters of stimulation of the
same specific region of the hypothalamus elicit defence reactions in the
conscious cat and atropine-sensitive muscle vasodilatation in the anaes¬
thetized cat (Abrahams et al. 19606). When the venous temperature
recorder employed in the experiments described above is used in experi¬
ments on the whole femoral venous flow in conscious cats, and the specific
hypothalamic region is stimulated by means of implanted electrodes,
similar increases in venous blood temperature are recorded. This was
established in experiments carried out on five cats. To elicit the vascular
response seen in Fig. 3 a stimulation was only at threshold intensity for
alerting; the pupils were dilated, the head raised, the ears pricked and
respiratory rate increased. That the vascular response itself is evidence
for activation of the same cholinergic fibres to the muscle vessels is con¬
firmed by its abolition after atropine 1 mg/kg (Fig. 36). This was injected
subcutaneously and the response was found to be abolished 25-30 min
later. This dose of atropine, which represented a smaller effective dose than
that used in our earlier investigation of the vasodilator innervation in
anaesthetized cats, did not appear to be blocking the vascular response
by an action on the central nervous system, since though the pupils were
already dilated all the other signs of alerting were elicited as before; and
inci'easing the stimulation intensity led, as usual, to the full reactions of
flight or attack.
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There was no evidence of habituation of the response elicited by hypo¬
thalamic stimulation, i.e. the response did not diminish when stimulation
was repeated daily over a period of days or weeks. If anything, both the
vascular response and the signs of alerting were elicited a little more
readily with such repetition.
Auditory, visual and cutaneous stimulation evoked similar vascular
responses. Indeed, the ease with which the response was elicited by
Fig. 3. Conscious cat. Records of femoral venous blood temperature (upward
deflexion = increase in temperature, indicating increase in blood flow). Each scale
division on temperature record indicates 0-1° C. Effect of electrical stimulation
(at s) by means of an electrode implanted in hypothalamic region for the defence
reaction, a before and b 30 min after subcutaneous injection of atropine (1 mg/kg).
natural stimuli made it essential that the animals should be familiar with
the experimental surroundings before any of these tests were carried out.
Otherwise, when introduced into the observation chamber the animal
would show not only the behavioural signs of alerting, but also a prolonged
and persistent muscle vasodilatation, as indicated by a steep rise of
femoral venous temperature. No response could then be elicited by any
of the stimuli, but the steady, high level of venous temperature was
reduced by subcutaneous injection of atropine.
Figure 4 illustrates a response, in an animal familiar with its surround¬
ings, to the 1000 c/s tone used as an auditory stimulus. In three out of
five cats the responses to the auditory stimulus were smaller, while in the
remaining cat the tone elicited no response (Fig. 5a). These responses
were abolished by atropine, as is shown in the experiment illustrated in
Fig. 4. Similar vasodilator responses were obtained to flashes of light,
and to stimulation of the skin, and like those elicited by the auditory
stimulus, these responses were accompanied by the same behavioural signs
of alerting as are seen on threshold hypothalamic stimulation. This would
be expected since these are well-known features of the reaction to a sudden
stimulus.
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When testing the effects of cutaneous stimuli, particular care had to be
taken to produce alerting alone and to avoid movements of the limbs, for
muscular contraction produces changes in limb blood flow independently
of the vasodilator innervation. The skin stimulation used was therefore
very mild, but nevertheless it was usually more effective than auditory
u u
Fig. 4. Conscious cat. Records of femoral venous blood temperature (upward
deflexion = increase in temperature, indicating increase in blood flow). Each
scale division on temperature record indicates 0-5° C. Effect of 1000 c/s tone
(at t) before and 30 min after subcutaneous injection of atropine (1 mg/kg).
or visual stimuli in eliciting a vasodilator response. Such responses were
obtained in all five cats and one is illustrated in Fig. 5b.
In the cats giving vasodilator responses at the initial trial, repetition
of the auditory, visual or cutaneous stimuli led to gradual diminution of
the response. This habituation proceeded at different rates in the different
animals, and habituation to cutaneous stimulation was the least marked.
Evidence for muscle vasodilatation as a conditioned reflex reaction
It is known that conditioned defence reactions are readily established
and that once established they are relatively stable, in that they can be
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obtained after long intervals of no reinforcement. It was therefore to be
expected that the vascular response could be obtained as a conditioned
reflex.
The experiments were performed on three of the five cats whose
responses to natural stimuli had been tested. In the cat whose responses
are illustrated in Fig. 5, the tone itself did not elicit vasodilatation. Con¬




Fig. 5. Conscious cat. Records of femoral venous blood temperature (upward
deflexion = increase in temperature, indicating increase in blood flow). Each
scale division on temperature record indicates 0-1° C. Effects of a 1000 c/s tone,
at signal t; b stimulation of foot pads, at signal s; c 1000 c/s tone, initially alone,
then combined with stimulation of foot pads (4th trial of combination) at signals
t + s.
sounded for 7 sec, skin stimulation commenced 2 sec after the tone had
been turned on, and both stimuli were turned off together. After this
combination of stimuli had been applied three times, the response illus¬
trated in Fig. 5 c was obtained. Even at this early stage of the experiment
the response was developing during the tone alone. Such early condi¬
tioning was observed in each cat during the first training session. The
action of atropine on these responses was not tested, because the pro¬
cedure of injection would itself have a disturbing effect. However, there
seems little reason to doubt that the conditioned and unconditioned
vascular responses were the same.
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In one of the cats training was continued over a period of several weeks.
This cat initially gave a small response to the tone, as shown in Fig. 6 a.
It was brought into the experimental chamber several times a week and
the buzzer sounded live or six times at each session. At the end of a
month, habituation was firmly established and the cat was giving no
response at all to the tone. Conditioning experiments were started a week
later. As before, the tone was sounded for 7 sec, and combined with skin
stimulation for the last 5 sec. On the first day the conditioning combina¬
tion was applied three times, and on the second day five times. On the
third day the tone was tested at the beginning of the experiment, and was
Fig. 6. Conscious cat. Records of femoral venous blood temperature (upward
deflexion = increase in temperature, indicating increase in blood flow). Each scale
division on temperature record indicates 0*5° C. Effects of 1000 c/s tone before
habituation, at signal a. Response to same tone at signal b after prolonged habitua¬
tion, followed by combination with electrical stimulation of the skin of the back
on 4 days, and 5 subsequent days without experiment.
found to cause some ear movements and turning of the head. The rein¬
forcing combination was then applied three times. At the beginning of
the experiment on the fourth day, the tone alone caused behavioural
alerting, together with vasodilatation in the hind limb: the reinforcing
combination was applied once. No experiments were carried out during
the following 5 days. On the next day, the tone alone produced the full
reaction, including the large vascular response shown in Fig. 6 b. Rein¬
forcement was applied once. Two days later the tone produced a strong
behavioural reaction in which the cat appeared to be trying to escape from
the cage. No reliability could therefore be placed on the venous-tempera¬
ture record. Skin stimulation was not attempted. Two days later the tone
produced a strong alerting reaction and vasodilatation. At this stage the
cat was beginning to give a reaction to being placed in the experimental
chamber and experiments were discontinued.
a b
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DISCUSSION
The initial behavioural responses to any sudden stimulus have in the
past been variously termed. They include alerting and arousal, the
Pavlovian orientation reflex and the startle reaction. Although there are
small differences in these reactions, there is no reason to doubt that they
are basically one response arising from near-threshold activation of specific
regions in the hypothalamus and mid-brain. When the same brain-stem
regions are activated more intensely, the fully-fledged defence reactions
of flight or attack are elicited. It is not surprising, therefore, that auto¬
nomic changes characteristic of the defence reaction occur during the
orientation reflex (Birjukov, Korneva, Sljafer & Jakovleva, 1962).
The conclusion that muscle vasodilatation, produced by cholinergic
fibres of the sympathetic outflow, is an integral part of the defence reaction
has so far been based on the following evidence: (1) When the hypothala¬
mus, central grey matter or mid-brain tegmentum are stimulated with
micro-electrodes, the regions from which active muscle vasodilatation is
elicited under anaesthesia are identical with those from which alerting,
flight and attack are obtained in the same animals when conscious.
(2) Active muscle vasodilatation is obtained as part of the pseudaffective
reflex response in the high-decerebrate cat (Abrahams et al. 19606).
The opportunity to obtain information about changes in muscle blood
flow in the conscious cat has now enabled us to show that atropine-sensi-
tive vasodilatation occurs at the initial stage of the defence reaction, no
matter whether elicited by threshold electrical stimulation of the brain
stem or by an environmental stimulus. At this stage of the reaction the
only outward signs are pricking of the ears, pupillary dilatation and an
increase in the rate of respiration. The muscle vasodilatation therefore
occurs at a sufficiently early stage of the graded reaction for it to fulfil the
role of a preparatory response.
When the muscle vasodilatation is elicited by electrical stimulation of
the brain stem of anaesthetized animals, it appears as part of a complex
pattern of cardiovascular change. Uvnas and his colleagues (Uvnas, 1954)
noted concomitant vasoconstriction in skin and intestine, and tachycardia,
which we could readily confirm (Abrahams et al. 19606). There is also
evidence of increased contractile force of the heart and increased cardiac
output (Rosen, 1961), while simultaneous venoconstriction has been sug¬
gested by Folkow, Mellander & Oberg (1961) and Hilton (1963). When all
these changes are taken together it appears that the cardiovascular system
is being adjusted in such a way that it is fully prepared for the demands of
sudden widespread muscular activity, characteristic of flight or attack.
Since in all these experiments the atropine-sensitive vasodilatation has
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appeared together with the other cardiovascular changes, it may be as¬
sumed that the vasodilatation observed in the present experiments is part
of this same pattern of cardiovascular response.
Cutaneous, visual and auditory pathways converge on the brain-stem
regions integrating the defence reaction; and the active muscle vasodilata¬
tion is a component of the pseudaffective reflex elicited in the high-
decerebrate cat when these regions of the brain stem have been spared
(Abrahams et al. 19606; Abrahams et al. 1962). We therefore regard the
integrative centre for the defence reaction as a reflex centre in the classical
sense, and hence we would class this pattern of cardiovascular response as
a preparatory reflex reaction. The well-known cardiovascular reflexes are
usually categorized as homoeostatic, in that they appear to function in
a way that will maintain or restore the status quo. The new state of equili¬
brium produced by a preparatory reflex is appropriate in relation to long-
term homoeostasis; but in the short term it may lead to a radical departure
from the status quo. It was the finding of Uvnas (1960), that 02-uptake in
skeletal muscle is reduced during activation of the vasodilator nerve fibres,
that led him to disclaim any belief that these nerve fibres could be
activated as part of a response in preparation for muscular exertion.
Since, however, our present findings show that they are so activated, the
pattern of cardiovascular adjustment appears to be of over-riding import¬
ance. Contracting skeletal muscles can no doubt provide for their own
metabolic requirements, through the widespread capillary dilatation that
so rapidly develops within them, so long as the circulation is adjusted to
provide the necessary blood flow. This still leaves open the question whether
such an over-all pattern of circulatory adjustment is maintained by the
same regulatory mechanism during muscular exertion (Barcroft, 1960).
It is possible to incorporate, within the framework of this concept, other
findings of similar cardiovascular changes produced by sudden or intense
stimuli in conscious animals and men. For instance, when conscious dogs
were subjected to a sudden shower of water, cardiac output was almost
doubled, with an increase in both stroke volume and heart rate, and mean
arterial blood pressure increased while total peripheral resistance was un¬
changed or fell (Charlier, Guz, Keatinge & Wilcken, 1962). This seems to
be evidence for the same preparatory reflex in the conscious dog, par¬
ticularly when it is recalled that the whole pattern of cardiovascular
response, including the active muscle vasodilatation, has been found in
anaesthetized dogs on stimulation of the same brain-stem regions from
which the response is elicited in the cat (Eliasson, Lindgren & Uvnas,
1952; Lindgren & Uvnas, 1953; Lindgren, 1955). The cardiac responses
characteristic of muscular exertion have been obtained on electrical
stimulation at some points in the posterior hypothalamus of conscious
200 V. C. ABRAHAMS AND OTHERS
dogs (Smith, Jabbur, Rushmer & Lasher, 1960). Moreover, the same
changes of heart rate and left ventricular performance were obtained in
dogs exercising on a treadmill and in well-trained dogs when the experi¬
menter held the treadmill switch (Rushmer, Smith & Lasher, 1960). The
latter observation demonstrates once again the preparatory or anticipatory
nature of the circulatory response, and also how readily it can be produced
as a conditioned reflex.
A considerable amount of work has been carried out on dogs by Gantt
and his colleagues (Gantt, 1960) showing that the tachycardia and hyper¬
tension which are produced by a painful stimulus can be readily condi¬
tioned and that the conditioned reflex thus obtained is remarkably
persistent, surviving up to 13 months without reinforcement, even when
the motor components of the reaction have long been extinguished. In
our experiments, the muscle vasodilatation was also readily conditioned.
As in the corresponding experiments of Gantt (1960) and his colleagues,
we found that the conditioned vasodilator response was easily developed,
and once established was remarkably stable.
A similar cardiovascular response occurs in man, when in situations
causing 'anxiety'. In addition to the well-known rise of arterial blood
pressure and heart rate, the cardiac output is usually increased, and the
total peripheral resistance reduced (Stead, Warren, Merrill & Brannon,
1945; Hickam, Cargill & Golden, 1948). The muscle blood flow increases
(Wilkins & Eichna, 1941; Golenhofen & Hildebrandt, 1957). Brod, Fencl,
Hejl & Jirka (1959) measured arterial blood pressure, cardiac output,
forearm blood flow and renal plasma flow simultaneously in subjects given
a severe test in mental arithmetic, and thereby revealed a general pattern
of response which is the same as that found in anaesthetized and conscious
animals. It is of particular interest that the increase in muscle blood flow
was shown to result mainly from a decrease of flow resistance, since
activation of the vasodilator nerve fibres to skeletal muscle is character¬
istic of the defence reaction in experimental animals (Abrahams et al.
19606). Atropine-sensitive vasodilator nerve fibres of the sympathetic
outflow have since been shown to be involved in the response to a frighten¬
ing situation in man (Blair, Glover, Greenfield & Roddie, 1959), although
in some subjects circulating adrenaline may make a significant contribu¬
tion to the muscle vasodilatation (Barcroft, Brod, Hejl, Hirsjarvi &
Kitchin, 1960).
There is every reason to believe that the pattern of cardiovascular
response underlying defence reactions in man, as in animals, will result
from stimuli of different modalities, and if this response is as readily
conditioned in man as it is in animals it might be expected to play an
important part in pathological as well as physiological reactions. Indeed,
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muscle blood flow has been found to be significantly higher in hypertensive
than in normotensive human subjects (Brod, Fencl, Hejl, Jirka & Ulrych,
1962). The increase in blood flow is too great to be explained by the
increase in perfusion pressure. Apparently the resistance vessels in skeletal
muscle do not usually participate in the general increase in vascular tone
observed in hypertension, and they may even be dilated. Brod et al. (1962)
therefore suggest that the pattern of cardiovascular response characteristic
of the defence reaction may participate in the pathogenesis of essential
hypertension in man.
SUMMARY
1. In cats anaesthetized with chloralose, active vasodilatation in the
muscles of the hind limb, elicited by electrical stimulation of the hypo¬
thalamus, leads to an increase in temperature of the femoral venous
effluent.
2. This change of temperature has been used in experiments on con¬
scious cats as an index of the onset and course of the atropine-sensitive
muscle vasodilatation occurring during defence reactions.
3. Atropine-sensitive vasodilatation in the muscles is invariably found
to accompany the early, alerting stage of the defence reaction produced
by near-threshold electrical stimulation of the hypothalamus or by
environmental stimuli.
4. It is proposed that the pattern of circulatory change, of which this
vasodilatation is a characteristic component, should be regarded as a
preparatory cardiovascular reflex.
5. The muscle vasodilatation is readily obtained as a conditioned-
reflex response which appears to be stable, whereas the unconditioned
response to environmental stimuli shows rapid habituation.
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Potentials evoked in the Hypothalamus
and Cerebral Cortex by Electrical
Stimulation of the Uterus
After the 36th week of pregnancy, labour is readily
initiated by such procedures as dilating the cervix, passing
uterine bougies and, most effectively, by amniotomy.
This ability to initiate labour by mechanical interference
suggests the existence of nervous pathways from uterus
to hypothalamus. The presence of appropriate receptors
in the rabbit uterus has been demonstrated by Ferguson1
and by Bower2, but little is known of the central pathways
involved. In the experiments recorded here on cats
anaesthetized with chloralose we used the evoked potential
technique to detect uterine afferent relays to the hypo¬
thalamus. Pairs of stainless steel stimulating electrodes
, were implanted into the myometrium, one pair high in
one uterine hom and another pair below the level of
fusion of the two horns, but above the vagina. The
uterus was then subjected to direct electrical stimulation
through either pair of electrodes by square wave pulses
of 1-3 msec duration.
Evoked potentials recorded from the hypothalamus of
cats anaesthetized with chloralose show irregularities3
due largely to an interaction with background activity4.
The background activity at the recording site was there¬
fore monitored and stimulation was deferred until a period
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Fig. 1. Responses obtained at the same hypothalamic recording site in
response to (a) electrical stimulation of the skin of one forepaw and
(6) electrical stimulation of the myometrium of one uterine horn. Note
that uterine stimulation is followed by an evoked potential of small
amplitude and long latency
A B C
Fig. 2. Diagrammatic coronal sections of the cat brain to show the
distribution of potentials evoked in the hypothalamus by electrical
stimulation of the uterus. The stippled regions in sections A and B are
those from which responses could consistently be elicited. The three
large dots in section C indicate where responses were obtained on one
occasion
of 80 msec had elapsed with no such activity in excess
of 15 |j.V negative or positive5. The minimum interval
between stimuli was 3 sec. The hypothalamus was
explored millimetre by millimetre. At each recording site
the skin of one forepaw was first stimulated, and stimuli
were then applied to each pair of uterine electrodes in
turn. Whereas cutaneous stimulation evoked potentials
in all hypothalamic regions3 potentials evoked by uterine
stimulation were largely limited to two hypothalamic
regions. Fig. 1 compares the potentials evoked by cutaneous
and uterine stimulation at the same recording site. In Fig. 2
the distribution of responses to uterine stimulation from 13
experiments is plotted on to three diagrammatic sections
of the hypothalamus. It can be seen that the responses
are virtually confined to the pre-optic and tuberal regions.
The distribution of evoked potentials in any one experi¬
ment is more restricted than the composite diagram
suggests. In two experiments the electrode passed through
the supra-optic nucleus. The results of one of these
experiments are shown in Fig. 3 in which evoked potentials
resulting from uterine stimulation were confined to tho
supra-optic nucleus and the region immediately surround¬
ing it. The reason that the area from which evoked
potentials are recorded appears larger in the composite
diagram than in a single experiment may be attributed to
variation in the location and size of the supra-optic
nucleus from animal to animal, and the possibility that
additional nuclei are activated.
Potentials evoked in the hypothalamus by uterine
stimulation appeared loss regularly than those elicited by
cutaneous stimulation, and with a longer latency. Re¬
sponses evoked by uterine stimulation had a latency of
30-50 msec, whereas responses to cutaneous stimulation
had a latency of 15—17-5 msec. In some experiments
responses were obtained from stimulation of the elec¬
trodes high in the uterine horn, but not from those in the
fused portion, of the uterus; in others the opposite was
true. In all experiments responses were most consistent
when using stimulating pulses of long duration, that is,
3 msec. In a single experiment the cerebral cortex in the
region of the sigmoid gyrus was explored with a platinum
ball recording electrode, and uterine stimulation was found
readily to evoke potentials in the somato-sensory region.
Presumably such potentials arise from the activation of
receptors or their nerve fibres in the myometrium2.
Our experiments thus demonstrate that neural pathways
exist from the uterus to the hypothalamus and apparently
also to the cerebral cortex, but doubt must obtain as to
the specificity of these relays. Barraclough and Cross2
found that units in the hypothalamus of the rat responding
to pressure on the os cervicis also responded to chilling
or pinching the tail. Their recordings were, however,
confined to a region of the lateral hypothalamus from
which, in the cat, we did not usually observe a response to
uterine stimulation. It is also known' that many forms
of visceral stimulation can evoke potentials in the cerebral
cortex.
It is increasingly recognized8-11 that the onset of labour
in the human being is due to an increase in the sensitivity
of the myometrium to oxytocin rather than to an increase
in the amounts of oxytocin released into the blood.
Since the hypothalamus is functionally connected with
both neurohypophysis and adenohypophysis it is tempting
to speculate that the relay we have demonstrated between
uterus and hypothalamus may be concerned not only with
the release of oxytocin but also with effecting increased
myometrial sensitivity to it, factors which together underly
the mechanism of normal parturition.
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A NOTE ON THE USE OF COMPUTER
AVERAGING IN THE ASSESSMENT OF
CENTRALLY ACTING DRUGS
Y. C. ABRAHAMS, E. P. LANGWORTH
Department of Physiology, Queen's University, Kingston,
Ontario, Canada
Long after the necessary compromise has been reached which will resolve the
moral and ethical dilemma of clinical pharmacology, we shall still be faced by
the difficulties inherent in identifying the mode of action of a drug. Nowhere is
this more difficult than when we are considering the action of drugs on the
human central nervous system where, of necessity, testing is largely based 011
indirect procedures. Recently, it seemed that a small advance had been made
in this direction, and that a new method was available offering objective,
quantitative, and direct methods for the testing of drugs which act upon the
human central nervous system. Specifically, I refer to the technique which is
now known as "computer averaging of evoked potentials".
In order to understand this technique, we have to remind ourselves of some
elementary facts of physiology. When a nerve is excited by a sudden stimulus,
it is very easy to detect the passage of a compound action potential along that
nerve. This is most commonly done with the recording electrodes applied
directly to the nerve, for example, with a frog nerve dissected free and laid
onto recording electrodes, but such potentials can be also recorded in situ in
man with cutaneous electrodes placed over a superficial nerve. Once the
conducting fibres enter the spinal cord, the potential change associated with
conduction can only be recorded by electrodes thrust into the substance of the
cord. The electrical change then recorded is termed an evoked potential. The
evoked potential in the appropriate receiving area of the cerebral cortex can be
recorded from electrodes placed on the scalp, but the amplitude of the signal is
small and, being of the same order of magnitude of the spontaneous electro¬
encephalogram, is very difficult to distinguish.
Dawson (1951, 1954) showed that these cortical evoked potentials could be
made more apparent by borrowing a technique first used by oceanographers
in studying wave movements and referred to as "averaging". This technique,
as applied in neurophysiology is actually a summation technique and consists
of adding a number of successive electrical signals following stimulation. If a
consistent potential change follows the stimulus, it rapidly summates, whereas
randomly disposed signals summate less rapidly and merge into a baseline.
Thus, by repeating a stimulus 50 or 100 times and utilizing the averaging
process, we can readily distinguish the presence of evoked potentials in a
recording from the scalp. Such summations may be performed arithmetically,
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but are tedious and time consuming. The advent of computer technology has
enabled this type of averaging to be performed virtually instantaneously and a
number of suitable machines are available commercially. Hence, the name of the
technique, "computer averaging of evoked potentials".
The importance of this technique to pharmacology is that such potentials are
constant when recorded under standardized conditions, as are evoked potentials
from many brain sites, and the technique provides a stable background against
which the effect of a drug on a sensory system can be investigated and, further¬
more, can be examined in man with the minimum of inconvenience. In Figure 1.
we have used records made from the brain stem of a conscious cat to illustrate
the use of the technique. The two records on the left are the averaged responses
recorded in the hypothalamus and reticular formation following 100 flashes of
light. When the animal is anaesthetized with 60 mg/Kg. of chloralose there are
quite different effects on the potentials recorded in the two areas. By applying
this type of experiment to cortical potentials, the computer averaging technique
would seem able to detect whether a drug is exerting an effect on sensory
pathways in man.
However, early experiments utilizing this technique have blunted our faith,
fo,r some of the results appear to be at variance with well-established ideas.
For example, Brazier (1960) reports that Pentobarbitone sodium (Nembutal)
increases the amplitude of evoked potentials recorded in the sensory cortex,
but Nembutal is generally regarded as having a depressing action on sensory
systems. Do these results mean that our previous ideas were in error, or do
they point to some fundamental flaw in the averaging technique?
Wherever recorded, evoked potentials are influenced by the spontaneous
background activity of the recording site. First noted by Bartley and Bishop
(1933) when recording from the visual cortex, the phenomenon has been
described by Baab and Kiang (1955) in the auditory cortex, and by Forbes
and Morison (1939) in the somato-sensory cortex, and Langworth and I
(1963) have found these interactions also to occur in the brain stem. Figure
2 shows such an interaction, in which the response to stimulation is large when
there is little background electrical activity and is reduced, or grossly altered,
when stimidation falls in periods of background electrical activity. Bea¬
ring this in mind, let us examine the brain stem electrical activity follow¬
ing the injection of Nembutal (Figure 3). The animal was already anaes¬
thetized with chloralose, but Nembutal quite clearly reduces the amount of
background electrical activity and, in so doing, must increase the probability of
stimulation occurring during a quiescent period and in turn, this increases
the probability of a large, evoked potential following sensory stimulation.
That this may be the explanation of Brazier's results can be seen in Figure 4.
This figure shows averages of responses to stimulation given regularly at 4-second
intervals, prior to Nembutal, and also shows the average of responses in which
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the 4-second minimal interval is preserved, but stimulation is further delayed
until there has been a period of 80 msecs with little or no background activity
(McDonald, 1963). When stimulation occurs at rigidly-timed intervals, the
effect of Nembutal is to increase slightly the amplitude of the evoked potential
200mS
Fig. 1. Cat. Chloralose nteraction patterns between evoked potentials and background
electrical activity. Recording electrode in hypothalamus. At S, electric shock delivered to the
skin of one forepaw.
A. Stimulus during spontaneous wave leads to small evoked potential.
B. & C. Stimuli immediately following spontaneous wave lead to small evoked potentials.
D. Stimuli 80 msec, after spontaneous activity leads to reduced and delayed evoked potential.
E. Large evoked potential recorded in the absence of spontaneous background activity.
and to delay its peak. However, when the stimulus is delayed and the technique
compensates for alterations in background activity by restricting stimulation
to periods of equivalent background activity, then we can see that Nembutal
quite clearly reduces the amplitude of the evoked potential. Thus, before
adopting the technique of computer averaging of evoked potentials in a whole-
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Fig. 2. Cat. Effect of chloralose on computer averaged evoked potentials recorded simulta¬
neously from hypothalamus (Top) and mesencephalic reticular formation (Bottom). Stimulus
is a flash of light.
A. Potentials recorded from conscious animal.





Fig. 3. Cat. Chloralose. Reduction of spontaneous electrical activity of the hypothalamus
by the intravenous injection of 3 mg/Kg Nembutal.







Cat. Chloralose 60mg/kg. Electrical stimulation of contralateral forelimb.
Fig. 4. Cat. Chloralose. Effect of Nembutal on arithmetically computed evoked potentials
recorded from hypothalamus. At S, electric shock delivered to the skin of one forepaw.
A. & B. Stimuli delivered at regular 4-second intervals. Nembutal between A & B.
C. & D. Minimum interval of 4 seconds between shocks, but stimuli further delayed until 80
msecs. elapses with no activity in excess of 10 //V. negative and 15 //V. positive
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sale fashion, the clinical pharmacologists would well be advised to understand
that there is still much to be learned about evoked potentials, and where such
uncertainty exists, the interpretation of changes in evoked potentials must be
on an empirical basis and, although capable of numerical quantification, it is
largely devoid of rationale.
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Patterns of circulatory change elicited by
electrical stimulation of the medulla in
chloralosed cats.
Higher brain centres with a circulatory
function have long been thought to bring
about their effects by the activetion of
centres in the medulla. There has been
little attempt to examine the nature of
the intrinsic patterns of circulatory change
which the medulla can initiate, yet if the
medulla is to subserve such a function
these patterns must be numerous. In the
present experiments we have examined
the patterns of circulatory change that
direct electrical stimulation of the medul¬
la can elicit and have attempted to local¬
ize anatomical points associated with
specific circulatory changes. The medulla
was systematically explored whilst stimu¬
lating through a monopolar electrode and
simultaneous measurements made of the
venous outflow from skin and muscle,
blood pressure, heart rate and respiration.
A wide range of circulatory patterns were
found which were largely consistent from
experiment to experiment and each pat¬
tern was associated with stimulation in
the same general anatomical area. Circula¬
tory changes elicited in this way can in¬
clude relatively independent alterations
in one parameter and evidence has been
obtained which suggests that some of
these patterns include a temporary sus¬
pension of baroreceptor reflexes.
This work was made possible by an
M.R.C. grant and gifts of equipment by
Pfizer Ltd., and by Smith, Kline and
French Ltd.
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Synchronous potentials evoked in wide¬
spread brain stem regions of conscious
cats by visual, auditory and cutaneous
stimuli.
We previously showed that visual, audi¬
tory and cutaneous stimuli evoke poten¬
tials of long latency and uncertain form
in the hypothalamus and neighboring
brain stem regions of the chloralosed cat.
When these evoked potentials were exam¬
ined utilizing a technique which reduced
their variability it seemed that they might
arise from a potential change occurring
synchronously in widespread brain stem
regions. The present experiments were
performed to see if similar potential
changes occur in the conscious cat. Stain¬
less steel electrodes were implanted into
the candate nucleus, septal nuclei, hypo¬
thalamus, mesencephalic reticular forma¬
tion and tectum of cats trained to sit
quietly in a restraining box. Visual, audi¬
tory and cutaneous stimuli applied to
these animals evoked potentials from
all areas and in response to all stimuli.
The evoked potentials were highly vari¬
able, but use of the averaging technique
showed that they were largely synchron¬
ous in widespread regions, and although
of smaller amplitude, bore great similarity
to the responses previously observed in
the choralosed cat.
This work was supported by a grant
from the M.R.C. and by an equipment
grant from the Wellcome Trust.
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The effect of stimulus modality and
position on the discharge of units in
the superior colliculus.
For many years the superior colliculi
were thought to be concerned with the
reflex organization of visually directed
head and eye movements, but lesions of
the superior colliculi lead to perceptive
defects which also involve the auditory
and cutaneous systems. In experiments on
chloralosed cats we have commonly
found single units of the superior colliculi
activated by visual, auditory, cutaneous
and muscle afferent stimuli. Using the
post-stimulus histogram technique to
compare firing patterns, several types of
units have been found. In one group the
firing patterns show a general similarity
regardless of the stimulus modality em¬
ployed. In another group, the firing
pattern is unique and characteristic for
each sensory modality. When the response
to skin stimulation was examined stimu¬
lus position was found to have a great
influence in determining firing patterns;
but it was possible to duplicate these
firing patterns by appropriate stimulation
of a neck muscle nerve. The explanation
of two cell types may lie in the existence
of two functional roles, one concerned
with the spatial location of a stimulus
and the directional component of reflexes
following that stimulus, and a second in¬
volving a response to sensory stimuli in
which the stimulus modality may have
some significance.
REPRINTED FROM PROCEEDINGS OF
THE CANADIAN FEDERATION OF BIOLOGICAL SOCIETIES
VOLUME 9, PAGE 47, 1966
(121) V. C. ABRAHAMS
Department of Physiology, Queen's
University, Kingston.
The form of averaged evoked potentials
in the chloralosed cat and the effect
of background activity.
Experience in the physical sciences have
shown that if the waveform of a signal
extracted by the averaging technique is
to be meaningful, then it is necessary to
remove from the original data large
variations not related to the functions
being studied. When introducing the
averaging technique into physiology,
Dawson stressed this principle, but it has
rarely been applied, if the waveform of
an averaged evoked potential is to be
meaningful and subject to physiological
analysis it would seem essential that the
effects of possible interfering factors be
investigated. In experiments in chlora¬
losed cats where the effects of back¬
ground electrical activity on evoked
potentials is considerable, it is clear that
this activity may substantially alter the
form of an averaged evoked potential.
Small regular waves in individual respon¬
ses may seem to be of considerable ampli¬
tude in the averaged record, whereas
large less regular components may be
minimized or contribute to an averaged
waveform which differs from any indi¬
vidual evoked potential.
[From the Proceedings of the Physiological Society, 22-23 April 1966]
Journal of Physiology, 185, 60-61P
Some factors affecting the form of averaged evoked potentials
By V. C. Abrahams. Department of Physiology, Queen's University,
Kingston, Ontario
When introducing tire averaging technique into physiology, Dawson
(1954), drawing on the lessons gained from the use of the technique in other
disciplines, pointed out that: 'Wherever possible any large variations
either irregular or systematic which are not related to the functions being
studied should be removed from the data before averaging is carried out.
.. .In the electroencephalogram any variation such as those due to spon¬
taneous brain potentials or instrumental causes must likewise be reduced
to a minimum.' In the cat anaesthetized with chloralose a large part of
the observed variation in evoked potentials is due to the existence of
complex interactions with background electrical activity (Abrahams &
Langworth, 1963). Using a technique which timed stimuli to minimize the
effects of interaction with background activity (McDonald, 1964) experi¬
ments were performed which supported Dawson's (1954) suggestions and
showed that minimizing interactions with background activity led to
substantial changes in computed averages (Abrahams, Langworth &
McDonald, 1963).
More recent experiments utilizing an averaging computer have demon¬
strated the existence of another factor which can affect the computed
average, namely the existence of prolonged recovery periods (in excess of
5 sec) in chloralosed cats. The technique used to minimize interactions
with background activity introduces an increase in stimulus interval
averaging 1-8 sec and thus the possibility exists that the previous results
stemmed from this increase in stimulus interval. In examining this possi¬
bility it was found that the changes resulting from an increase in stimulus
intervals were relatively small and never of the same order of magnitude
as those resulting from minimizing the effects of background activity. In
these experiments it was also possible to examine the form of individual
evoked potentials which when summed constituted the average. It was
found that the amplitude of individual components constituting the
average reflected mostly the stability of that component. Small components
which are stable in individual potentials appear grossly exaggerated in
computed averages, and the less stable larger components are not so
prominent. The effect of minimizing background activity is to produce
an averaged potential in which less stable components contribute signifi¬
cantly to the form.
Chloralose anaesthesia exaggerates background activity, evoked po¬
tentials, and their mutual interactions, but such interactions occur in many
[p.t.o.
2
sites and situations and can be seen when recording from man (Bechtereva
& Zontov, 1962; Callaway & Layne, 1964). Since the averaging technique
is being adopted by some as an objective technique for the measurement
of neural processes (Uttal & Cook, 1964) it would seem essential to ensure
that Dawson's (1954) advice be followed to avoid the recording of spurious
and misleading signals.
Tho research was aided by grants from the Wellcome Foundation and the Medical
Research Council of Canada.
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PATTERNS OF UNIT RESPONSE IN THE CAT SUPERIOR COLLICULI ELICITED BY
NON-VISUAL STIMULI. V. C. Abrahams and S. Falchetto*. Department of
Physiology, Queen's University, Kingston, Ontario, Canada.
Although the superior colliculus of the cat is usually regarded as
part of the central visual pathway, 95^ of the units from which
recordings were made in the chloralose anaesthetized cat responded to
one or more non-visual stimuli. These stimuli include electric shocks
applied to the skin, clicks, and electrical stimulation of the central
end of a cut muscle nerve. Units responding to skin stimulation
respond when stimuli are applied over a wide area of the skin. In
such experiments examination of post-stimulus liistograms has shown that
the pattern of cell discharge is usually related to the area being
stimulated. Commonly a brisk, short latency (6 m.sec. or so) discharge
may be obtained from a single unit when a restricted area of skin is
stimulated, whereas the same unit may discharge weakly after a much
longer latency when other skin areas are stimulated. Similarly units
responding to muscle afferent stimulation may show a brisk early
discharge to stimulation of a particular muscle nerve, but respond
weakly and at a longer latency to stimulation of a number of other
muscle nerves. (Supported by the Defence Research Board and Medical
Research Council of Canada)
[From the Proceedings of the Physiological Society, 14 January 1967]
Journal of Physiology, 189, 58-59 P
Blood flow, heart rate, and blood pressure alterations elicited by
direct electrical stimulation of the lower brain stem
By V. C. Abrahams and R. L. Williams.*! Department of Physiology,
Queen's University, Kingston, Ontario
The lower brain stem has long been thought to exert a dominant role in
the regulation of the circulation. This role was believed to be exercised
through reciprocally acting vasopressor-cardioaccelerator and vasode-
pressor-cardioinhibitor systems whose anatomical locations were deter¬
mined by recording the blood pressure changes which accompany stimu¬
lation of the lower brain stem (Wang & Ranson, 1939; Alexander, 1946).
In the present experiments these same anatomical locations were stimulated
and peripheral blood flow was recorded, as well as blood pressure and heart
rate. It was found that blood pressure alterations in a given direction may
be accompanied by a variety of patterns of peripheral blood flow.
Experiments were performed on chloralose-anaesthetized cats with
intact buffer nerves. Blood flow from muscle and skin were measured with
the venous outflow technique, and rigid criteria were adopted so that
results were considered only from experiments in which the cats were
judged to be in a stable satisfactory condition. In these experiments it was
found that ten distinct patterns of circulatory change regularly accom¬
pany brain stem stimulation, three with a fall in blood pressure, five with a
rise in blood pressure and two without any blood pressure alteration. Table
1 summarizes the details of the ten patterns of circulatory change.
Table 1. Patterns of circulatory change consistently elicited from threshold electrical
stimulation of the lower brain stem, f rise; ! fall; j | pronounced fall; -»• no change.
123456789 10
Blood pressure
Heart rate ill l I -*■ t I t i t
Muscle blood flow
Skin blood flow iii-
Patterns 1 and 6 were most frequently seen, and each of the remaining
patterns occurred in at least 4 % of the stimulations. It is concluded that
the functional characterization of the lower brain stem areas into discrete
pressor and depressor regions is a gross over-simplification and masks the
ability of the structure to generate a wide complex of cardiovascular
reactions.
Aided by a grant from The Canadian Life Officers Insurance Association.
* Present address: Department of Physiology, St Mary's Hospital Medical School,
London.
■f Research Fellow, M.R.C. of Canada.
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The Contribution of Background Electrical Activity
to the Form of Averaged Evoked Potentials
in Chloralose Anesthetized Cats
V. C. Abrahams and E. P. Langworth1
The National Institute for Medical Research, Mill Hill, London, England,
and the Department of Physiology, Queen's University, Kingston, Ontario, Canada
Received February 20; Revision Received March 27, 1967
An examination of potentials recorded from the hypothalamus of the chloralose-
anesthetized cat following cutaneous or visual stimuli revealed the existence of
complex interactions between evoked potentials and background electrical activity.
These interactions led to alterations in the form of evoked potentials or to their
nonappearance. The evoked potentials could be stabilized to a large extent by
timing stimuli in relation to background activity so that stimuli were delivered
in periods of little or no activity. Further, it was found that the effects of one
evoked potential on subsequent evoked potentials lasted for periods of up to 6 sec.
When averages of evoked potentials were computed it was found that the form of
the average was markedly affected by background activity, which exaggerated
stable wave-form components and distorted others. Averages computed from
stimuli delivered in periods of little or no background activity showed clear differ¬
ences from averages computed from stimuli delivered at the same time intervals,
but without regard to background electrical activity.
Introduction
The averaged evoked potential which can be computed by summing the
brain electrical activity following repeated applications of a sensory stimulus
is affected by a number of factors including spontaneous activity at the
recording site (14, 15). Thus the form of an averaged signal may depart
substantially from the form of the individual signals contributing to the
average (13). We have sought some quantitative assessment of the degree
to which background activity can affect averaged evoked potentials in one
particular preparation, the chloralose anesthetized cat. Recordings were
largely confined to hypothalamic sites, for potentials recorded here show
considerable variability due to an interaction with background activity (1,
2), but are generally large enough for the individual signals contributing
to the average to be recognized.
1 The authors gratefully acknowledge the financial assistance of the Wellcome Trust
and the Medical Research Council of Canada.
© 1967 by Academic Press Inc.
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Methods
All experiments were performed on cats anesthetized with chloralose
(60-80 mg/kg) given intravenously in a single dose. Evoked potentials were
recorded with tungsten microelectrodes insulated with epoxy resin and
Insl-X (18) and with a tip diameter small enough to record unit activity.
Signals were amplified by a type 2A61 Tektronix amplifier mounted in a
Tektronix type 565 oscilloscope. The output from the 565 oscilloscope was
fed to an interface unit and then to one input of a computer of average
transients (Mnemotron Corporation, North Haven) and simultaneously to
an FM tape recorder (Ampex SP-300).
The same signal was fed via an attenuator to the discriminator circuit
described by McDonald (21) for timing stimuli on the basis of the back¬
ground activity of the recording site. This circuit controlled a Digitimer
(Devices Ltd., Welwyn Garden City, England) which generated trigger
pulses for the oscilloscope time base, the computer of average transients
(CAT) and a stimulator. The discriminator operated by monitoring the on¬
going electrical activity at the electrode site, and allowed four criteria to be
specified before a trigger pulse was generated. These were, minimum interval
between stimuli, an interval thereafter which must meet fixed limits of elec¬
trical quietness, and the positive and negative voltage limits of that electrical
quietness. The trigger pulse generated by the discriminator was recorded by
the tape recorder, so that patterns of stimulus sequence generated on the
basis of brain electrical activity could be re-presented in control experiments.
Cutaneous stimulation consisted of shocks delivered to the skin of one
forepaw by subcutaneous needles, and visual stimuli were flashes generated
by applying a 4-msec pulse to an incandescent bulb. Averages of responses
to fifty stimuli were computed and printed out using an X-Y plotter (Mose-
ley, California). In experiments in which differences in average were examined
the computer mode was changed from "Add" to "Subtract" between samples.
In experiments in which the effect of background activity on individual
evoked potential was examined, stimuli were delivered regularly at 5-sec
intervals, and single oscilloscope sweeps were photographed, showing back¬
ground electrical activity preceding the application of stimulus, at the moment
of stimulus, and the evoked potential resulting from the stimulus. At least
100 records were made at each recording site and on occasions 200 were
taken. Prints were made of individual records and classified according to
the background electrical activity at the moment of stimulation. In this
way five or six records were obtained from each recording site with back¬
ground activity at the moment of stimulation apparently identical.
The condition of the animal was monitored and recordings made of blood
pressure, heart rate, respiration and body temperature. In experiments where
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the effect of changing intravesicular pressure was investigated the urethra
was cannulated with a large bore polyethylene tube. The tube was connected
to a Y piece, one arm of which went to a Statham gauge for the measure¬
ment of pressure, and the other to a system for filling the bladder.
The position of the recording electrodes was verified histologically by the
technique of Kliiver and Barrera (20).
Results
Intracranial hemorrhage following electrode penetration of the brain
cannot be eliminated and is inevitable in a small proportion of experiments.
To avoid errors due to damage sustained by the animal during the prepara¬
tion, results were considered only from experiments in which animals main¬
tained a regular pulse and a stable level of arterial blood pressure (usually
about 130 mm systolic) for the duration of the experiment.
Relationship Between Background Electrical Activity and Evoked Poten¬
tials Recorded jrom the Hypothalamus of a Cat Anesthetized with Chlora-
lose. In fourteen experiments, interactions between background electrical




Fig. 1. Cat, chloralose 60 mg/kg. Effect of low amplitude wave activity at recording
site on potentials evoked in the hypothalamus by electrical stimulation of the skin of
the contralateral forepaw. A. Stimulation in a period of little background activity. B.
Stimulation in period of low amplitude wave activity. C. Stimulation in period of low
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six of these experiments we also examined interactions with potentials evoked
by a brief flash of light. In most experiments responses were recorded from
the hypothalamus but, responses were also recorded on occasion from the
caudate nucleus, the central gray matter, the mesencephalic reticular forma-
s
Fig. 2. Cat, chloralose 60 mg/kg. Effect of "spikes" in background activity on po¬
tentials evoked in the hypothalamus by electrical stimulation of the skin of the contra¬
lateral forepaw. A. Double negative wave evoked in a period of little background activity.
B. Reduction and slowing of second negative wave of evoked potential by preceding
spike. C. Abolition of second negative wave by preceding spike. D. Initial negative wave
of evoked potential present immediately following spike. E. Initial negative wave of
evoked potential still present during spike. S. Time of shock. Calibrations: 100 pv and
200 msec.
tion and the thalamic nuclei. The background electrical activity recorded in
all these areas was similar to that found in the cerebral cortex (19, 26) with
prominent negative going high amplitude excursions, which we term spikes,
occurring once or twice a second. In addition, there were bursts of low-
amplitude irregular waves, seldom exceeding 50 pv in amplitude and usually
lasting about a second.
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Both the wave and the spike activity had characteristic effects on evoked
potentials. Stimuli applied during periods of wave activity either led to a small
evoked potential or none at all (Fig. 1). The interaction between spikes and
evoked potentials was usually occlusive (Fig. 2). The evoked potential
recorded in the absence of background electrical activity usually consisted





Fig. 3. Cat, chloralose 60 mg/kg. Effect of "spikes" on triphasic evoked potentials
evoked in the hypothalamus by electrical stimulation of the skin of the contralateral
forepaw. A. Evoked potential recorded in the absence of prior background activity. B.
Reduction in negativity and enhancement of positive wave following spontaneous spike.
C. Abolition of second negative wave, prolongation and enhancement of positive wave
following spike. D. Exaggerated positive wave resulting from stimulation during spike.
Inset. Diagram to illustrate electrode placement in dorsal hypothalamus. S. Time of
shock. Calibrations: 100 pv and 200 msec.
of much greater amplitude and long duration (Fig. 2A). The occurrence of
a spontaneous spike shortly before an evoked potential prolonged and re¬
duced the large, negative wave (Fig. 2B) and eventually abolished it (Fig.
2C,D). The initial negative wave of the evoked potential was relatively
stable and could still be seen even when stimulation occurred at the peak
of the spike (Fig. 2E).
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A second, less common pattern of interaction between spikes and evoked
potentials was seen when the evoked potential had a positive deflection
separating the negative waves (Fig. 3A). The reduction in the large, negative




Fig. 4. Cat, chloralose 60 mg/kg. Effect of timing contralateral forepaw stimulation
in relation to background activity on the form of evoked potentials recorded in the
hypothalamus. A. Responses recorded to ten consecutive shocks timed in relation to
background activity. Minimum interval 4 sec. Shock delayed until 80 msec elapsed with
no activity in excess of IS pv negative or positive. B. Next ten shocks delivered at
regular 4-sec intervals. Calibrations: 200 pv and 200 msec.
of the early positive wave which could reach several hundred microvolts
(Fig. 3B,C,D).
Patterns of interaction of these three types were observed in all recording
sites following both visual and cutaneous stimulus. In a few experiments
potentials evoked by a flash were of considerable amplitude, usually in
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excess of 300 |xv, and there was then a reduction of the interval following
a spontaneously generated spike during which an interaction pattern oc¬
curred.
Effect on Evoked Potentials of Restricting Stimulation to Periods of
Minimal Background Electrical Activity. The effects of interactions with
background electrical activity and the evoked potential were examined using
the circuit devised by McDonald (21). A minimum interval between stimuli




































Fig. 5. Cat, chloralose 60 mg/kg. Effect of restricting cutaneous stimulation to
periods of little or no background activity on latency of response. Minimum interval be¬
tween shocks, 4 sec; discriminator setting, 100 sec ± IS pv. Upper: latencies of twenty-
four responses seen following the application of twenty-nine shocks at regular intervals.
Lower: latencies (msec) of twenty-nine responses to twenty-nine shocks with timing
controlled by discriminator.
cal activity was below specified voltage levels for a fixed interval. The use
of this device led to a substantial increase in both the stability form of
the evoked potential (Fig. 4), and its latency (Fig. 5), but variations were
still present and on occasion a stimulus still failed to evoke a potential.
Fluctuations in blood pressure, intravesicular pressure and respiration are
known to affect electrical responses recorded from the nervous system (8,
11, 22). We had excluded gross fluctuations in blood pressure as a variable
in these experiments and inspection of the pressure pulse showed no obvious
relationship within the cardiac cycle, nor did there appear to be any rela¬
tionship between the evoked potential and phases of the respiratory cycle.
Lastly, there did not appear to be any correlation with intravesicular pressure.
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Averaged Evoked Potentials and Prolonged Recovery Intervals. In experi¬
ments in which averaging is employed it is necessary to present many stimuli,
runs of 200 not being uncommon (16). In previous experiments visual inspec¬
tion had shown that there is a period of about 500 msec following an evoked
potential (or the application of a stimulus) in which a second stimulus re-
Fig. 6. Cat, chloralose 60 mg/kg. Averages of fifty evoked potentials recorded from
the hypothalamus following stimulation of the contralateral forepaw at A, 4-sec inter¬
vals; B, 6-sec intervals. Calibrations: 200 pv and 100 msec.
suits in no evoked potential or in a sharply reduced evoked potential (1).
To investigate the duration of this occlusive effect, averages were computed
from evoked potentials following fifty stimuli delivered at regular intervals
ranging from 1 to 10 sec. An occlusive effect was found to exist for intervals
up to 4 sec and on occasions for as long as 6 sec (Fig. 6).
The Increase in Stimulus Interval Resulting jrom Use of the Discriminator
Technique. Since the interval between stimuli was clearly of importance it
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was necessary to know what prolongation of stimulus interval results from
the use of the discriminator. In twenty-seven experiments the discriminator
was set so that stimulation would be withheld until 100 msec had elapsed
with no background electrical activity in excess of 10 pv positive or negative.





Fig. 7. Cat, chloralose 60 mg/kg. Effect of background activity on averaged evoked
potentials recorded in the hypothalamus following fifty shocks delivered to the skin of
a contralateral forepaw. A. Shocks at regular 6-sec intervals. B. Discriminator set, mini¬
mum interval 6 sec, period of 100 msec with no activity in excess of 10 pv negative or
positive then required (mean interval now 8.17 sec). C. Shocks at regular 8.17-sec
interval. Calibrations: 200 jrv and 100 msec.
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sec (standard deviation ± 1.62 sec; range 0.33 to 12.02 sec). Clearly, unless
a minimum interval of 6 sec was specified, the use of the discrimination
technique could itself increase the amplitude of a computed average potential.
Differentiation of Interval Dependent Alterations in Averaged Evoked
Potentials From Those Due to Background Activity. Averaged evoked po¬
tentials were computed following fifty shocks or flashes delivered at regular
6-sec intervals. The discriminator was then employed so that following a
poogV
looms
Fig. 8. Cat, chloralose 80 mg/kg. Effect of background activity on averaged evoked
potentials recorded in the hypothalamus following fifty shocks delivered to the skin of a
contralateral forepaw. A. Regular shocks delivered at 6-sec intervals. B. Discriminator
set, minimum interval 6 sec, further period of 100 msec free of activity in excess of 10
p,v negative or positive then required. C. Average computed from the stimulus sequence
generated in B. Calibrations: 200 (iv and 100 msec.
minimum delay of 6 sec, stimulation was further withheld until 100 msec
elapsed with no background activity exceeding 10 pv negative or positive,
and a further average of fifty responses computed. The mean interval was
then calculated and a further fifty stimuli applied at this mean interval
and the average again computed. Figure 7 is a family of curves obtained in
this way and typifies all the other results obtained in these experiments,
showing that the effect on an average of increasing stimulus interval alone
is small compared with the effect of discriminating against background ac¬
tivity.
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In a second type of experiment account was taken of the random nature
of the time increments that the discriminator introduced. An average was again
computed from fifty stimuli delivered regularly at 6-sec intervals, and the
discriminator then used to generate a second average with stimuli timed in
relation to background activity. The trigger pulses produced by the dis¬
criminator in this second sequence were recorded on magnetic tape. The
tape was then played back to produce a third sequence of stimuli at inter¬
vals coinciding exactly with the second sequence controlled by the dis¬
criminator. As Fig. 8 shows, these experiments clearly indicate the consider-
Fig. 9. Cat, chloralose 60 mg/kg. Magnitude of effect of the discriminator. A. Average
of fifty evoked potentials following a shock delivered to the skin of a contralateral fore-
paw. Discriminator set, minimum interval 6 sec, discriminator set for further period of
100 msec with no activity in excess of 10 pv positive or negative. B. Average of po¬
tentials evoked at regular 6 sec intervals. C. Computed difference between the two aver¬
ages. Calibrations: 50 pv; 50 msec.
able effect of timing stimuli in relation to background electrical activity.
A quantitative measure of this effect was obtained by computing the differ¬
ences between evoked potentials obtained with and without the use of the
discriminator and results of such an experiment are shown in Fig. 9.
Distortion of Form in Averaged Evoked Potentials. The evoked potential
recorded from the hypothalamus of the chloralose-anesthetized cat normally
consists of an early low-amplitude brief negative deflection, followed by larger
prolonged negative deflection. The first deflection is relatively stable and
interaction usually affects the second large negative wave. The difference in
stability, as might be expected, is reflected in the form of the averaged
evoked potential for, in averaging without respect to background activity the
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initial negative wave becomes exaggerated. When the discriminator is utilized,
as Figs. 7 and 8 show, the computed wave form exhibits a large late com¬
ponent.
Discussion
The present experiments show that the form of an averaged evoked poten¬
tial in the chloralose-anesthetized cat can be substantially affected by back¬
ground electrical activity. Interactions between background activity and
evoked potential are not confined to this preparation. Interactions between
evoked potentials and background activity have been previously reported,
although the detail of the interaction has been variously described. Bartley,
and Bartley and Bishop (5, 6), recording from the visual cortex of amytal
or magnesium anesthetized rabbits, ascribed the variation to a summation
of the evoked potential with background electrical activity. Forbes and
Morrison (17) found the secondary cortical response recorded from the
somatosensory cortex of the deeply anesthetized cat, to be abolished or re¬
duced by a preceding spontaneous wave of cortical activity. Raab and
Kiang (23, 24) and Raab, Kiang and Brown (25) described a significant
inverse relationship between the integrated cortical activity preceding stim¬
ulation and the amplitude of the evoked potential in the auditory cortex of
the anesthetized cat. More recently, Bindman, Lippold and Redfearn (9),
examined the causes of variation in potentials evoked in the cerebral cortex
of the lightly anesthetized rat, following peripheral nerve stimulation, and
showed these to be related to the existence of a d-c potential modified from
intralaminar thalamic nuclei. Such interactions between evoked potentials
and background activity are not confined to the anesthetized animal, for
Bachtereva, Zontov (7), Cobb and Dawson (12) and Calloway and Layne
(11) have similarly described variations in the evoked potential recorded
from the skull of nonanesthetized man related to background electrical
activity.
In choosing to perform our experiments on the chloralosed cat and by
largely restricting recording to the hypothalamus, advantage was taken of the
knowledge of the patterns of variation of evoked potentials established
under the same experimental conditions. When averages are computed
from electrodes placed on the scalp of the intact human, four additional
problems are encountered. Firstly, there is the problem of signal-in-noise.
This means that the raw data from which averaged are being computed may
not be available for inspection. Secondly, in order to record without excessive
interference, many recordings are made with bipolar electrodes. Under these
conditions what is being recorded is the difference in potential existing be¬
tween two brain regions, so that an additional set of variables is introduced
into the record. Thirdly, although it is well known that background activity
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does interfere with the evoked potential (7, 12) as does cardiac cycling (11)
the details of the interaction are not well known. Lastly, the conscious human
being is a difficult experimental animal showing reduction of response to
successive batches of stimulus presentations (10), and, if visual stimuli are
employed, errors due to loss of fixation (12). The chloralosed cat offers an
experimental situation in which the variables are fewer and more clearly
demonstrated but caution must be employed in transposing the results pre¬
sented here to any other situation.
In considering how it is that stable averaged evoked potentials can be
found under the recording conditions met with in human work we must
assume that fluctuations are present in the background activity as well as
in the evoked potentials, and that in a sufficiently large sample such fluctua¬
tions become randomized. Thus a change either in evoked potentials or back¬
ground activity will lead to a change in the averaged signal. We have previ¬
ously shown that the changes in evoked potentials which can be seen after
the injection of small amounts of pentobarbitone sodium to a cat already
anesthetized with chloralose may well be primarily due to a reduction in
background activity (3, 4). It would thus seem essential that before any
change in an averaged evoked potential is assigned to a given experimental
maneuver or assigned to any neural function, two things must be ascertained.
Firstly, it must be established that the change is not due to a change in
background electrical activity and secondly, that the wave form under ex¬
amination has biological reality and is not a pattern generated by the
technique.
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Hind leg ataxia following section of a
nerve to a neck extensor muscle.
In the course of our experiments on
cats concerned with the directed move¬
ments of the head and eyes we sectioned
the nerve to an extensor muscle of the
neck, the biventor cervicis. The postural
outcome of such nerve sections was a
minimal interference with head move¬
ment, but a surprising ataxia involving
the hind quarters. Whilst animals were
able to make adequate progress in a
straight line, they showed considerable
instability on rising to make a movement,
or when making changes in direction. The
ataxia was not permanent, and is not
normally distinguishable after the fifth
post-operative day. However, even some
weeks after the nerve section special test¬
ing showed the existence of some deficits
in jumping. Control experiments elimi¬
nated the possibility that the phenomenon
originated as an after effect of anaesthesia,
and the explanation of our findings may
be due to integrated long spinal systems
which are concerned with progression
movements and head movements.
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Cervico-lumbar spinal interactions involv¬
ing a brain pathway.
In experiments reported last year we
showed that section of the nerves to a
neck muscle, biventer cervicis, has minor
consequences for head movement, and
leads to a pronounced, but transient ataxia
of the hind legs. In chloralose anaesthet¬
ised cats, stimulation of biventer cervicis
nerve 30 msec prior to stimulation of a
hind leg nerve causes considerable facil¬
itation of early (proprioceptive) spinal
reflexes, and an abolition of late spino-
bulbar-spinal reflexes. The latter may be
inhibited for 500 msec. We have previous¬
ly described a short latency proprioceptive
pathway from biventer cervicis nerve to
the superior colliculi, but this does not
seem concerned with the interaction, as
stimulation of the superiorcolliculi has
only a slight effect. Stimulation of the
central grey matter and the area of the
red nucleus has marked facilitatory effects
on lumbar reflexes, but since extensive
lesions of these structures are without
effect on the interaction, it is unlikely
that the pathway involves them. Some
structures critical to the interaction are
supra-tentorial, for the interaction does
not survive decerebration. Indeed, the
pathway may be most complex, as the
interaction can be reduced substantially
by an auditory stimulus.
Supported by grants from the Medical
Research Council and the Defence Re¬
search Board.
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A spinal-brain-spinal reflex and hind limb ataxia
of cervical origin. V.G.Abrahams, D.Butler* and
S.Falchetto*. Dept. of Physiology, Queen's Univ.,
Kingston, Ontario, Canada.
An ataxia of the hind limbs resembling
dorsal root ataxia has been found to persist for
5 to 7 days following unilateral section of the
nerves to superficial head extensor muscles. In
chloralose anaesthetised cats stimulation of the
central end of these nerves leads to potentiation
of early components of lumbar and sacral reflexes.
The pathway underlying the potentiation has a
central course for spinal section at CI abolishes
the potentiation. The proprioceptive relay from
head extensor muscles to the superior colliculus
recently described by us is not involved in the
pathway. Since the potentiation is abolished in
the acutely decerebrated cat the pathway presumbly
has a supra - tentorial course. (Supported by the
Medical Research Council of Canada and the Wellcome
Trust)
4.3
Proc.'Can. Soc. Med. Biol. Eng., 1968.
DETERMINATION OK "SIGNIFICANT" DIFFERENCES IN UNIT DISCHARGE PATTERNS
V. C. ABRAHAMS, J. V. MILLIGAN, S. FALCHETTO
Department of Physiology, Queen's University,"Kingston
The individual action potential of a nerve
cell or axon i3 readily recorded, and because of
its significance as an information carrying
system has been the target of a number of
computer based data reduction and analysis
techniques. In particular, 2 techniques, the
post-stimulus time histogram (PSH), and pulse
interval analysis (PIP) have been extensively
used for the examination of patterns of action
potential discharge following the application
of stimuli. Justification for the use of these
methods has been an apparent need to overcome
the variability in signal that may occur. They
also reduce a large amount of data to a
"manageable" form.
Our experiments have been concerned wi+h the
ability of a neural system to recognize a change
in an applied stimulus. This makes it necessary
to be able to look at a unit discharge to see if
the discharge ha3 been altered by a change in
the stimulus. Large changes are easily detected
by eye, and both the PSH and the PIP can be used
under some conditions where changes are less
readily distinguishable. Unfortunately, these
latter data processing techniques, apparently a
formidable addition to the physiologists'
armentarinm, do have some basic weaknesses.
When an animal is subjected to repeated sensory
stimuli, the action potentials recorded from
various brain structures a3 a result of such
stimulation may change progressively with time.
Such a change is shown in Fig. 1 where a variety
of responses were obtained from a cell in the
superior colliculus of the cat following a
regularly repeated presentation of a flash of
light. When the same data is compressed into a
PSH as shown in Fig. 2, information relating to
j the progressive changes is lost as is the case
when the same data is used to generate a PIP
(Fig. 3).
Clearly, the major deficit of the PSH and
the PIP is that they do not treat time as a
dependent variable. In many neurophysiological
experiments changes with respect to time may be
critical. To overcome this handicap a technique
has been developed whereby successive responses
are catenated so that the entire group of
responses form a pattern unique to that stimulus
series. This pattern can then be compared to the
pattern produced by another stimulus series to
see if it is different.
This idea can be grasped by referring to
Fig. 4 which is a visual representation of part
of the pattern of the unit responses discussed
above. The arrow ■, "presents the time when
successive stimuli were applied and each spot
represents a cell action potential. Only the
first 350 msec, of the discharge following each
stimulus are shown. Thus it can be seen that
any pattern of unit activity can be reduced to
a 3-dimensional array which i3 a complete
representation of the original data. The same
data can be expressed in one dimension by. noting
the successive intervals between unit discharges.
To treat this data so that two patterns may
be compared, the pattern of action potentials
is first pre-processed. This is done by
scanning equal time segments within each
catenated time vector. The corresponding
elements of the vectors are then scanned, element
by element, and a counter i3 incremented each
time that they are different. The final value of
the counter corresponds to the sum of the
squares of the differences (S3) between the two
patterns. The value of SS increases as the
vectors become more different.
The "significance" of the magnitude of SS
can be determined by comparing it to the
distribution of sums obtained from vectors •
containing elements filled at random. This
distribution is calculated from either the
Binomial expansion or the Normal Distribution
depending on the total number of filled elements
in the two vectors.
The ideal method to determine "significance"
would be to construct a histogram of the true
distribution of the S3 by recording and
comparing a large number of patterns obtained
from the preparation under control conditions.
Unfortunately this procedure would leave no time
for the test procedure in many experiments. A3
well, the average frequency of firing during
the control period would have to be similar to
that during the test period.
The method described here should prove
useful for making fast comparisons of response
patterns with a minimum of human intervention.
It will be able to detect gross differences
readily, but will likely be Unable to detect
subtle changes. However, it should not be
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ATAXIA OF THE HINT) LIMBS OF THE CAT FOLLOWING SECTION OF NERVES TO A NECK EXTENSOR
MUSCLE AND A POSSIBLE REFLEX SUBSTRATE. V. C. Abrahams & S. Falchetto. Dept. of
Physiology, Queen's University at Kingston, Ontario, Canada.
In cats the section of nerves to one of the extensor muscles of the head, biventer
cervicis, is followed by an ataxia of the hind legs which persists for 5 to 7 days. In
attempting to find the cause of this ataxia we have found that in the cat anaesthetised
with chloralose, stimulation of the central end of the nerves to biventer cervicis will
grossly potentiate early spinal reflexes recorded electrically at low lumbar ana sacral
levels. The interaction is not due to a completely intraspinal mechanism, for it is
abolished by section of the neuraxis at CI. Nor does the proprioceptive pathway from the
biventer cervicis nerves to the superior colliculus previously described by us (Abrahams
& Falchetto, Physiologist 9,1966) seem involved, for it has not proven possible to modulate
the spinal reflexes by direct electrical stimulation of the superior colliculi. It is
likely that higher centres are involved, for acute decerebration consistently abolishes
the interaction between neck nerves and spinal reflexes, and the interactions do not
return even after several hours. (Supported by grants from the Medical Research Council
of Canada and the Wellcome trust).
Reprinted from PROCEEDINGS OF THE
INTERNATIONAL UNION OF PHYSIOLOGICAL
SCIENCES - Volume VII
Printed in the U. S. A.
Proc. Can. Fed. Biol. Soc., 12, (1969), 55.
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V.C. ABRAHAMS, D. BUTLER* and J. DAYNES*.
Department of Physiology, Queen's University,Kingston. A cortical relay site in cervico-
lumbar reflex interactions in cat3.
In previous experiments concerned with the
ataxia of the hind legs that follows section
of a nerve to a neck extensor muscle, a potentcervico-lumbar reflex Interaction has been
described which utilises supratentorial struc¬
tures. Two regions of the cerebral cortex
have been found to receive proprioceptive
Input from the forepaws and from neck muscle,the post-cruciate dimple and the anterior poleof the suprasylvian gyrus (Oscarssen 6 Rosen,J. Physiol. 169, 924, 1963; Landgren £
Sylfenius, Acta physiol. scand. 74, 340, 1968).Stimulation of both these cortical regionsaffects lumbo-sacral segmental reflexes in a
manner similar to that produced by cervical
input. However, ablation of the post-cruciate
dimple is without effect upon cervico-lumbar
interactions, but ablation of the small regionof the anterior 'pole of the suprasylvian gyrusreceiving neck proprioceptive input sharplyreduces or abolishes cervico-lumbar inter¬
actions. It is concluded that this region ofthe suprasylvian gyrus is critical to cervico-
lumbar interactions. Since this region receives
input from vestibular, auditory and visual
systems, as well as from proprioceptive system^it may represent a cortical region critical in
the integration of postural reflexes.
(Supported by M.R.C. grants. )
The Physiologist, 12, (1969), 154.
PROPRIOCEPTIVE RELAYS TO THE CEREBRAL CORTEX, AND THEIR SIGNIFICANCE
IN INTRASPINAL ORGANIZATION. V. C. Abrahams, D. Butler* and J. Paynes*,
Department of Physiology, Queen's University, Kingston, Ontario, Canada.
Previous experiments in chloralose anaesthetized cats have shown
that a profound and prolonged facilitation of lumbosacral monosynaptic
reflex activity follows stimulation of neck and forepaw muscle nerves.
Structures critical to the interaction lie supratentorially. It has
now been found that electrical stimulation of the post-cruciate dimple
and the suprasylvian gyrus (both cortical regions receiving proprio¬
ceptive input) has similar effects on lumbosacral reflex excitability
to neck and forepaw nerve stimulation. Ablation of the post-cruciate
dimple only transiently affects cervico-lumbar interactions, whereas
ablation of the anterior pole of the suprasylvian gyrus reduces or
abolishes cervico-lumbar interactions for the duration of acute experi¬
ments. Thus the suprasylvian gyrus may play some role in integrating
spinal reflex excitability and hence may be regarded as part of the
cortical mechanisms for regulating posture. Such a view is supported
by the known connections in this region which include input from many
sensory systems, including the vestibular system.
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Pathways involved in potentiation of lumbo-sacral reflexes by biventer cervicis
nerve stimulation. V.C.Abrahams, Dept. of Physiology, Queen's University,
Kingston, Ontario.
Previous experiments have shown that an ataxia of the hind legs follows
section of the nerves to biventer cervicis, a neck extensor muscle. In chloralose
anaesthetised cats stimulation of the biventer cervicis nerve led to a substantial
potentiation of monosynaptic reflexes, but it seemed unlikely that this mechanism
underlay the interaction, for a similar monosynaptic facilitation was found to
follow stimulation of fore-paw skin and muscle nerves. What now appears unique
to the interactions following-.biventer cervicis nerve stimulation is that supra-
tentorial structures are essential for their demonstration. In spinal cats
descending interactions follow fore-paw nerve stimulation, but not stimulation
of the biventer cervicis nerves. In decerebrate cats Interactions readily
follow fore-paw nerve stimulation, but if present from biventer cervicis nerve
stimulation, they are barely discernable. Thus a unique characteristic of the
interactions originating from biventer cervicis nerve stimulation Is their
dependence on higher brain structures. Perhaps this reflects the importance of
proprioceptive input from this muscle In giving information concerning the position
of the body with respect to the head, and in initiating postural reflexes
related to changed head position. The input does not however seem related to
body on head rotation during falling, as cats showing an ataxia following biventer
cervicis nerve section still show normal righting reflexes during a fall.
Supported by grants from the Medical Research Council.
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SUMMARY
1. Unilateral section of the nerves to an extensor muscle of the head,
biventer cervicis, leads to an ataxia of the hind legs in cats.
2. In chloralose anaesthetized cats, shocks to the central end of the cut
biventer cervicis muscle nerves leads to direct discharges over lumbo¬
sacral ventral roots, to a facilitation of monosynaptic reflexes in flexor and
extensor muscles and to a prolonged inhibition of spino-bulbo-spinal
reflexes. Such effects are not unique, but follow stimulation of skin and
muscle nerves of the forepaw.
3. Supratentorial pathways are involved in descending spinal inter¬
actions in the chloralose anaesthetized cat, but are more critical for inter¬
actions taking origin in biventer cervicis nerve than in forepaw nerves.
4. In non-anaesthetized spinal cats showing interactions from forepaw
nerves, no interactions could be found taking origin in biventer cervicis
nerves. Descending interactions from forepaw nerves could be reduced or
abolished by anaesthetic doses of chloralose.
5. The rich pathway from biventer cervicis nerve to the superior
colliculus does not appear to be involved in the descending interactions
reported here as neither stimulation nor ablation of the superior colliculi
has any effect on descending interactions.
INTRODUCTION
In retrograde degeneration experiments to locate the motoneurones of a
neck extensor muscle, biventer cervicis, the nerves to the muscle were
sectioned in a series of cats. In addition to the expected deficit of head
* Present address, Wellcome Department for Research in Anaesthesiology, McGill
University, Montreal.
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movement, the nerve section led to a completely unexpected, and often
quite severe ataxia of the hind legs. Ataxia following interference with
cervical nerves is not a completely new finding, for Cohen (1961), in experi¬
ments on monkeys found, profound disorders of gait to follow local anaes¬
thesia of the upper three cervical dorsal roots.
We have found it possible to produce a potent cervico-lumbar interaction
from stimulation of the biventer cervicis nerve, characterized by the fact
that it can only be demonstrated adequately in animals with intact brains.
Unlike other descending cervico-lumbar interactions (Lloyd, 1942;
Lloyd & Mclntyre, 1948; Gernandt & Gilman, 1960) the mechanism is not
intraspinal, and unlike spino-bulbo-spinal reflexes it is not readily demon¬
strated in the decerebrate cat (Takagi, Matsumura, Yanai & Ogiu, 1955;
Shimamura, 1961; Shimamura & Livingston, 1963; Shimamura, Mori,
Matsushima & Fujimori, 1964; Shimamura & Akert, 1965; Shimamura,
Mori & Yamuchi, 1967). Whether it is interference with this descending
system that leads to the consequences of biventer cervicis nerve section
cannot be inferred from these experiments.
METHODS
Experiments were performed on adult cats weighing 2-5 kg or more. In experiments with
the nervous system intact and in which electrical recordings were made, chloralose was used
as the anaesthetic, given in a single intravenous dose of 60—80 mg/kg following the induction
of anaesthesia with ethyl chloride and ether. Spinal cats were prepared under ether anaes¬
thesia. When surgical procedures were performed from which the animal was to recover,
normal aseptic techniques were used and the animals were anaesthetized with a single i.p.
dose of sodium pentobarbital, 30 mg/kg (Nembutal, Abbott). To abolish movement resulting
from nerve stimulation in recording experiments, i.v. gallamine triethiodide (Flaxedil,
Poulenc) was given in an initial dose of 10—15 mg/kg, supplemented as necessary and the
animals were then maintained on positive pressure ventilation. In all experiments arterial
blood pressure was continuously recorded with a Statham gauge connected to one femoral
artery. Body temperature and respiration were also continuously monitored and recorded.
The extensor muscles of the cat's head consist of a deep and superficial group. Our experi¬
ments have been conducted exclusively on nerves entering a muscle of the superficial group,
the biventer cervicis (Elliott, 1935). Nerves taking origin in cervical segments 1, 2 and 3
enter this muscle after some branching. In those experiments in which the consequences of
nerve section were investigated, the two major muscle nerves taking origin in C 2 and C 3 were
sectioned unilaterally, and on occasion the CI nerve on the same side was also sectioned.
Cine records of the animals were made before operation, and daily after operation for a
period of up to 28 days. Normally records of movement and posture were made in Super
8 format at 18 frames per second. Records of cats falling were made with a 16 mm camera at
64 frames per second.
Recordings from spinal roots or peripheral nerves were made using conventional bipolar
platinum wire electrodes. All nerve and nerve roots were immersed in pools containing a
protective silicone oil (Medical fluid 555 or 360, Dow-Corning Silicones). No special pre¬
cautions were taken to warm the pools, but the animal's rectal temperature was maintained
at 37 + 1° C. Where spinal roots or peripheral nerves were stimulated, electrodes similar to
the recording electrodes were used. Averages of responses were computed from twenty-five
CERVICAL ATAXIA AND SPINAL REFLEXES 437
successive signals using a Computer of Average Transients (Mnemotron Corporation). The
amplified signal was fed to the averaging computer through an interface that allowed the
signal voltage level to be optimized. For intracerebral stimulation a bipolar concentric
electrode was introduced using conventional stereotaxic technique and the core made the
cathode. The same electrode was used for making lesions using a Grass Model LMI RF
lesion-making device for an appropriate period.
When investigating the effect of brain section at the midcollicular level the spinal cord
and nerve dissections were first completed. The section was then performed after the carotid
arteries were clipped and there was sufficient mobilization of one occipital lobe to allow a view
of the colliculi. Brain anterior to the section was not removed, but by sparing a small amount
of tissue at the base of the brain overlying the basilar artery and the most lateral extent of
the contralateral superior colliculi, bleeding was kept to a minimum. The brains were fixed
in situ at the termination of the experiment and examined to determine the extent of the
lesion.
For histological examination the brains and cervical cords were first fixed by perfusion
and then further immersed in formalin for a week and embedded in celloidin or paraffin.
Sections were cut at 8-12 fi and stained with Haematoxylin-van Geisen, Luxol Fast Blue-
Haematoxylin or with Nissl stain.
The following abbreviations will be used for nerves stimulated or sectioned in these experi¬
ments: biventer cervicis (BC); nerve to the lateral head of gastrocnemius (LG); nerve to
medial head of gastrocnemius (MG); posterior tibial (PT); peroneal (PE); nerve to tibialis
anterior (TA); the superficial radial nerve (SR); the dorsal interosseus (DI). The nomen¬
clature is that of Elliott (1935).
RESULTS
Motor and postural consequences of unilateral section of nerves to biventer
cervicis. In twenty-one cats nerves to BC muscle were sectioned unilaterally
at aseptic operation. Such nerve sections led to a deficit of head movement,
but not as great as expected. The animal still retained the ability to raise
its head, although in the few days following operation it avoided this
movement and reached objects above head level by raising its whole body.
The head was not held in an abnormal position, but rotation of the head,
like elevation, was avoided. The deficit was not striking, and for those who
were not acquainted with the nature of the operative procedure, not readily
discernible. In contrast, all animals subjected to BC nerve section suffered
some ataxia of the hind legs apparently unrelated to the disturbance of
head movement, and not apparently compensating for that disturbance.
The degree of ataxia varied from animal to animal; approximately one
third of cats had trivial defects, showing an occasional bad landing after
jumping, or exhibiting occasional difficulties in executing a rapid turn. In a
further one third of the animals the defect was more marked, and the
animals had a distinctly odd gait with a swinging motion of the hind legs
and a swaying motion of the hind quarters, particularly when executing a
turn. When landing from a jump these animals usually staggered to one
side (the side of the lesion) for a few paces. In the remaining one third the
deficit was pronounced. The animals initially avoided movement and when
cajoled into standing they would adopt a posture with the head down and
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the hind legs spread wide apart. They would stand in this position without
appreciable movement for many minutes and then slowly resume a lying
posture. If persuaded to move they showed a staggering gait of the hind
legs and would frequently collapse to one side or another when executing a
turn. The phase of gross disturbance of movement was not prolonged and
was generally related to the severity of the disorder. Most cats showed
considerable recovery 7-10 days or so after operation. Even cats which
appeared to have recovered still showed deficits when made to perform a
task such as jumping. Many cats showed an unusual, exaggerated stretch¬
ing behaviour after nerve section. After a period of rest most normal cats
will stretch their hind legs when taking their first few steps. In cats
following section of BC nerves this behaviour can become grossly exag¬
gerated, and cats sometimes progressed with virtually every step incor¬
porating a stretch of the hind legs.
Despite the disorders of static posture and progression, righting reflexes
during a fall were still normal. Cats dropped from a height of six feet with
their feet upwards righted themselves rapidly and landed with their bodies
in a normal position. The landing itself was often abnormal with the
animals lurching to one side.
The possibility that the ataxia of the hind legs could have been nothing
more than an unusual after-effect of anaesthesia was examined in three
cats in which the nerves to BC were exposed but not sectioned. Twenty-
four hours following operation none of these cats exhibited ataxia of the
hind legs or any other postural defects. In another six cats, when the local
anaesthetic, xylocaine, was injected into the BC muscle, an unsteadiness
of gait of the hind legs was seen for an hour or so.
Intraspinal descending connexions. Experiments by Lloyd (1942) and
Lloyd & Mclntyre (1948), and Gernandt & Oilman (1960), have shown
that conditioning shocks to the brachial plexus and to forepaw skin and
muscle nerves produce discharge over lumbosacral ventral roots and can
affect reflex excitability in lumbo-sacral segments in spinal and decere¬
brate cats. Their major findings were readily confirmed in a series of ten
spinal cats. Monosynaptic reflexes were found to be first inhibited by con¬
ditioning shocks to forepaw nerves and then doubled in amplitude when
the interval between conditioning and test stimulus was increased. It was
also found that such effects were most readily demonstrable following
muscle nerve stimulation. In the same experiments the effect of shocks to
BC nerves was examined. In no experiments was any direct discharge seen
over lumbosacral ventral roots following BC stimulation and in eight out of
ten experiments no modification of lumbosacral reflexes could be obtained
as a result of prior BC stimulation. In two experiments there was a sus¬
picion of a weak facilitation of monosynaptic reflexes but this was not
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statistically supportable. In two of the cats in which no responses to BC
stimulation could be obtained strychnine was given i.v. in a dose of 0-1
mg/kg. Despite the tremendous facilitation of segmental reflexes that then
occurred, in one animal BC stimulation was still without effect, and in the
second only some slight facilitation of 5-10% of the monosynaptic reflex
was present.
Fig. 1. Cat, chloralose 60 mg/kg. Recordings from C7 ventral root at two different
sweep speeds. A and <7, control reflexes following stimulation of peroneal nerve.
B and D, effect on reflexes of biventer cervicis nerve stimulation 30 msec before
peroneal nerve stimulation. Time marker 10 msec.
Descending spinal interactions in the chloralose anaesthetized cat. Recent
experiments have shown that consistent spino-spinal effects may be
exerted through pathways with a brain course in the chloralose anaesthe¬
tized animal (Shimamura etal. 1964; Shimamura & Yamauchi, 1967). We
have looked for spino-spinal interactions in a total of seventy-four chlora¬
lose anaesthetized cats. Descending effects are readily demonstrated in
such preparations, but unlike the spinal animal, not only are effects readily
elicited following forepaw nerve stimulation, they are now readily elicited
from BC stimulation. Conditioning shocks to BC lead to an inconstant
discharge over lumbosacral ventral roots similar to that reported by Lloyd
(1942) in the spinal cat, but the latency and duration of the response are
both considerably longer. The latency ranged from 22 to 30 msec and the
duration up to 20 msec. The amplitude of the response was variable, but
never exceeded 1 mV and usually lay in the range 2-500 /iV. The response
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was frequency dependent, and reducing the interval between shocks below
3 sec sharply reduced the amplitude of response. In sixty-three of the
seventy-four animals it was found that reflexes originating either from
dorsal root or hind leg nerve stimulation were grossly affected by prior
stimulation of BC, or of the forepaw nerves including SR or 1)1. The most
obvious effect, shown in Fig. 1, was a potentiation of the monosynaptic
reflex, which could be as great as 10 times control levels. Substantial
Fig. 2. Cat, chloralose 60 mg/kg. Effect of varying interval between conditioning
shock to biventer cervicis on segmental and spino-bulbo-spinal reflexes recorded
from L7 ventral root following posterior tibial nerve stimulation. Time marker
msec; raised marks 5 msec. A, control, B, interval 30 msec, G, interval 100 msec,
D, interval 130 msec, E, interval 160 msec, F, interval 170 msec.
potentiation of monosynaptic reflexes was shown by Lloyd & Mclntyre
(1948) to follow forepaw nerve stimulation in the spinal cat. Such facilita¬
tion was apparent when 10 msec separated conditioning and test shock,
reached a peak very rapidly and the whole effect was over in about 25
msec. In our experiments the onset of the facilitation was later, rarely
being present earlier than 25 msec after the conditioning shock and although
a peak usually occurred about 30 msec the effects were prolonged and
usually exceeded 50 msec.
The potentiation of monosynaptic reflexes was accompanied by variable
effects on polysynaptic reflexes. They were depressed in twenty-five
experiments, elevated in eleven, and little change could be discerned in the
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remaining experiments. In a number or experiments a very early poly¬
synaptic component was sharply facilitated and this caused the appearance
of a double spike in the record (Fig. 2 B). In contrast to the relatively
variable effects on polysynaptic components the effect on the SBS reflex
was a consistent and prolonged inhibition (Fig. 2). First obvious 10 msec
following a conditioning shock, this inhibition was normally still evident
250 msec following the conditioning shock, and in about half the experi¬
ments was still present 400 msec after the conditioning shock.
Fig. 3. Cat, chloralose 60 mg/kg. Spinal section at CI. Each panel consists of a
pair of superimposed reflexes recorded from SI ventral root following lateral
gastrocnemius nerve stimulation. One trace in each pair was preceded by a con¬
ditioning shock to A, biventer cervicis nerve; B, superficial radial nerve; C7, dorsal
interosseus nerve. Time marker 10 msec.
The effects that followed BC nerve stimulation were also seen when fore-
paw skin and muscle nerves were stimulated. Direct responses could be
recorded from lumbosacral ventral roots, although with a latency 2-5 msec
less than following BC stimulation. Effects on monosynaptic and poly¬
synaptic reflexes as well as SBS reflexes paralleled those seen following BC
stimulation. In eight experiments after demonstrating the presence of
interactions from BC and other forelimb nerve, the spinal cord was sectioned
at CI. As was expected this led to a loss of direct responses and reflex inter¬
actions following BC stimulation. What was not expected, but was also
found, was that direct responses and interactions could no longer be
obtained from forepaw skin and muscle nerve stimulation (Fig. 3). These
results raised the possibility that in addition to its known action in the
spinal cord on lengthening and reducing the amplitude of dorsal root
potentials (Eccles, Schmidt & Willis, 1963), chloralose may inhibit intra¬
spinal interactions. To investigate this further, chloralose 60 mg/kg was
given i.v. to a series of nine spinal cats. In two experiments this led to the
loss of descending interactions, but in the remaining seven, interactions
although reduced, were not abolished. In none of these cats was it possible
to demonstrate any interaction following BC nerve stimulation.
Specific reflexes affected by descending interactions. Eloyd (1942) and
Lloyd & Mclntyre (1948) found that in the spinal cat descending inter¬
actions not only depended on the nerve being stimulated, but clear differ¬
ences existed between effects originating from flexor and extensor muscle
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nerves. Experiments were performed on fourteen chloralose anaesthetized
cats in which spinal reflexes taking origin in a variety of flexor and extensor
nerves were examined. The nerves stimulated included TA, MG, LG, and
PE. In all experiments on chloralose anaesthetized cats, the effects of
prior stimulation of a forepaw or BC nerve were as previously described
(Fig. 4) and no differences were found in interactions from reflexes either
of flexor or extensor origin.
Fig. 4. Cat, chloralose 60 mg/kg. Effects of conditioning shock to biventer cervicis
nerve on L6 reflexes of flexor and extensor origin. A, control reflex from posterior
tibial nerve stimulation. B, effect on posterior tibial reflex of prior biventer cervicis
nerve stimulation. (7, control reflex from peroneal nerve stimulation. D, effect on
peroneal nerve reflex of prior biventer cervicis nerve stimulation. Time marker
10 msec.
Effects of stimulation and ablation of the superior colliculus on cervico-
lumbar interaction. In previous experiments, we have reported on a rich
proprioceptive connexion from the BC to the superior colliculus (Abrahams
& Falchetto, 1966). Since lesions of the superior colliculus lead to defects
of head movements (Sprague & Meikle, 1965) the question arose as to
whether this relay was of any significance in the cervico-lumbar inter¬
actions. Accordingly the superior colliculi were stimulated through stereo-
taxically directed electrodes both by single shocks and trains of stimuli.
In nine such experiments we were unable to observe any effect on lumbo¬
sacral segmental reflexes by such stimuli, and even when the region of the
superior colliculi was damaged by extensive electrolytic lesion, this was
without effects on lumbosacral reflexes or interactions based on BC stimu¬
lation. When the electrode was further advanced into the brain to the area
of the red nucleus, single shock stimulation led to a profound facilitation
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of monosynaptic reflexes closely resembling that seen in cervico-spinal
interactions. However, the red nucleus did not appear to be involved in
the interactions, since lesions sufficient to eliminate the effects of stimu¬
lation were without effect on cervico-lumbar interactions.
Effects of decerebration on cervico-lumbar interactions. Since the BC
initiated interactions seem to require the presence of tissue above the
spinal cord, experiments were performed to see if critical areas lay above
or below the tentorium. In twenty chloralose anaesthetized animals, after
establishing the presence of interactions, a section of the brain was made
between the superior and inferior colliculi. The immediate consequence of
such a section was to abolish or sharply reduce the SBS reflexes, and to
reduce the monosynaptic reflex. Within 20 min or so the monosynaptic
reflex began to regain amplitude, and quite often 40 or 50 min after
decerebration had regained or exceeded its original amplitude. Only in
three experiments, using the averaging computer, was it possible to show
an effect on spinal reflexes following BC stimulation. This effect was a
facilitation of the monosynaptic reflex of 5-10%. In eleven of these
experiments interactions resulting from forepaw nerve stimulation were
also examined. In nine, although BC interactions were abolished, inter¬
actions were still present following forepaw nerve stimulation. Reduced
far below normal levels, they were still quite strong and consisted of an
increased amplitude of the monosynaptic reflex ranging from 20 to 60%.
Unlike the spinal animal, cutaneous nerve stimulation was substantially
more effective in facilitating the monosynaptic reflex than muscle nerve
stimulation.
DISCUSSION
Proprioceptive input from the neck has previously been linked with
postural reflexes concerned with orientation of the eyes with respect to the
head (de Kleijn, 1918), those underlying the tonic neck reflexes of the
decerebrate (de Kleijn, 1923) and body on head reflexes (Magnus, 1926).
Interference with any of these systems is inadequate to explain the con¬
sequences of BC nerve section on hind leg gait found in the present experi¬
ments, and found previously to follow local anaesthetic block of the upper
three cervical dorsal roots in monkey (Cohen, 1961). Electrophysiological
experiments by Lloyd & Mclntyre (1948) have demonstrated the presence of
intraspinal pathways by which input from forepaw skin and muscle nerves
can modulate excitability of lumbosacral mono- and polysynaptic reflexes.
These intraspinal pathways do not appear to be available to the input
from the BC nerve, but a system exists with an intracerebral course
whereby lumbo-sacral reflex excitability can be modulated by proprio¬
ceptive input arising in muscles of the neck. In the chloralose anaesthe-
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tized cat, these supraspinal mechanisms are apparently used in the genesis
of many descending spino-spinal interactions, and intraspinal mechanisms
are blocked or suppressed. Judging by the time course and nature of the
descending interactions from forepaw nerves and from the BC nerves it
seems likely that the same mechanism operates all these interactions, so
similar are they in effect. In chloralose anaesthetized cats interactions from
all these sources need the presence ofsupraspinal structures, but the depend¬
ence seems more marked for BC input, than for input from other nerves.
Previous experiments by Gernandt & Gilman (1959, 1961) and by
Shimamura & Akert (1965), conducted principally on decerebrate cats,
have demonstrated that elevation or depression of the head may modify
segmental spinal reflexes, SBS reflexes and responses recorded at cervical
levels as a result of vestibular stimulation. Gernandt & Gilman (1959)
found that vestibular stimulation generated electrical activity at all
spinal levels, but ventroflexions of the head through 30° abolished activity
recorded from contralateral cervical nerves, and reduced that recorded
ipsilaterally; however the effects on activity generated in the lumbosacral
outflow were minimal. These effects of head movement were probably asso¬
ciated with input from the dorsal muscles of the neck, for effects similar to
those produced by head flexion could be obtained from pinching these
muscles, but not from pinching other muscles or the skin (Gernandt &
Gilman, 1959). Since the experimental animals were decerebrated the
effects from neck muscles must have been due to the operation of infra-
tentorial systems. Not only do these experiments show that neck muscle
proprioceptive input can override the output from vestibular mechanisms
in the decerebrate preparation, but also, in this preparation, that effects
from neck muscle proprioceptors on the lumbo-sacral outflow were weak,
supporting our present findings. Further evidence for a need for supra¬
spinal structures in some spino-spinal interactions comes from further
experiments of Gernandt & Gilman (1961), in which they showed that
although cervical segmental reflexes were sharply reduced by neck ventro-
flexion both before and after a Cl spinal section, in these same experi¬
ments (in which cats were decerebrated initially) lumbosacral responses
were unaffected by head position. Gernandt & Gilman (1961) also showed
that spinal input could override vestibular effects. Shocks were applied to
the vestibular nerve and preceded by movements of the neck or by shocks
to cervical dorsal roots. Flexion of 5° was sufficient to reduce the vestibular
response recorded from the radial nerve, and stimulation of the C7 dorsal
root abolished the response.
In decerebrate cats with the 8th nerve sectioned, head depression leads to
an augmentation of the SBS reflex, and elevation leads to a depression of
the SBS reflex (Shimamura & Akert, 1965). Since these responses were
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recorded from lumbo-sacral roots, there is ample evidence that input
from neck proprioceptors can operate to affect non-segmental lumbo¬
sacral reflexes in the decerebrate. However, in these experiments, unlike
those of Gernandt & Oilman (1959, 1961), there is no reason to assign the
effects of head movement specifically to muscle proprioceptors, and
receptors from intravertebral structures such as those that underly the
tonic neck reflexes of the decerebrate (McCouch, Deering & Ling, 1951),
may be involved. Since muscle pinching was as effective a stimulus in the
experiments of Gernandt & Oilman (1961) as head movement, the possi¬
bility of vertebral receptors playing a role in the modulation of vestibular
responses was reduced.
The phenomenon of ataxia following interference with neck muscles has
occasioned little attention, although there are clinical reports that suggest
a similar phenomenon may exist in man (Cope & Ryan, 1959; Gray, 1956;
Weeks & Travell, 1955). There is evidence that it may have been observed
in the nineteenth century, for Claude Bernard (1865), in his book, An
Introduction to the Study of Experimental Medicine, refers to experiments by
Magendie in which (in the words of one of his translators) he found that
removal of the cerebrospinal fluid led to a 'kind of titubation in animals
and a characteristic disturbance in their motions'. Subsequently Magendie
informed Bernard that another experimenter was interrupted in his experi¬
ments after having cut the neck muscles, but before incising the atlanto-
occipital membrane. This preliminary dissection itself was then found to
lead to the titubation, and it is this unknown experimenter who first
seems to have observed the unexpected postural consequences of inter¬
ference with neck muscles.
The consequences of the section of the BC nerve, taken together with
these experiments of Gernandt & Gilman (1959, 1961), form a powerful
argument for suggesting that the input from neck muscles is a critical
factor in the reflex regulation of posture. It would seem that this input can
modulate, or interact with, output generated on the basis of vestibular
sensory information to control a great deal of the reflex excitability of the
spinal cord. The effects probably add to a pool of proprioceptive infor¬
mation, for as we have seen, not only are the consequences of BC nerve
section variable, but the animal can compensate for this lesion in a rela¬
tively short space of time.
One last point concerns not the special function of input arising from
the BC muscle nerve, but the general function of reflex interactions in the
spinal cord involving supratentorial pathways. Recently, Mori & Brook-
hart (1968) have investigated the response of muscle groups in the dog's
hind leg when animals were subjected to a headward displacement.
Muscles were found to respond with a variable latency, with one group
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active 25 msec after displacement and a second group active 55 msec after
displacement. In seeking an explanation of such unexpectedly long
latencies, Mori & Brookhardt (1968) suggested that long spinal or SBS
reflexes might be involved. It is equally likely that the mechanisms
described here may underly the response either through a direct effect on
motoneurones, or by an indirect effect on the excitability of the myotatic
reflex. The participation of the supratentorial structures is presumably
necessary for the total integration of muscle response operating either
directly on motoneurones, or indirectly by manipulation of excitability in
segmental spinal reflexes.
This work was supported by grants from the Wellcome Foundation, the Medical Research
Council of Canada and the Defence Research Board. S.F. held an M.R.C. of Canada Fellow¬
ship. It is a pleasure to acknowledge the skilled assistance of Miss D. Butler and Miss
J. Daynes.
REFERENCES
Abrahams, V. C. & Falchetto, S. (1966). Patterns of unit response in the cat superior
colliculi elicited by non-visual stimuli. Physiologist, Lond. 9, 128.
Bernard, C. (1865). An Introduction to the Study of Experimental Medicine, translated by
Greene, H. C., 1961, 1st edn. p. 211. N.Y.: Collier Books.
Cohen, L. A. (1961). Role of eye and neck proprioceptive mechanisms in body orientation
and motor coordination. J. Neurophysiol. 24, 1—11.
Cope, S. & Ryan, G. M. S. (1959). Cervical and otolith vertigo. J. Lar. Otol. 73, 113-120.
de Kleijn, A. (1918). Action reflexes du labyrinthe et du cou sur les muscles de 1'oeil.
Archs neerl. Physiol. 2, 644—649.
de Kleijn, A. (1923). Experimental physiology of the labyrinth. J. Lar. Otol. 38, 646-663.
Eccles, J. D., Schmidt, R. & Willis, W. D. (1963). Pharmacological studies on pre¬
synaptic inhibition. J. Physiol. 168, 500-530.
Elliott, R. (1935). Anatomy of the Gat, ed. Reighard, J. & Jennings, H. S., 3rd edn. New
York: Holt, Rinehart & Winston.
Gernandt, Bo. E. & Gilman, S. (1959). Descending vestibular activity and its modulation
by proprioceptive, cerebellar and reticular influences. Expl Neurol. 1, 274—304.
Gernandt, Bo. E. & Gilman, S. (1960). Vestibular and propriospinal interactions and pro¬
tracted spinal inhibition by brain stem activation. J. Neurophysiol. 23, 269—287.
Gernandt, Bo. E. & Gilman, S. (1961). Differential supraspinal control of spinal centres.
Expl Neurol. 3, 307-324.
Gray, L. P. (1956). Extra labyrinthine vertigo due to cervical muscle lesion. J. Lar. Otol.
70, 352-369.
Lloyd, D. P. C. (1942). Mediation of descending long spinal reflex activity. J. Neurophysiol.
5, 435-458.
Lloyd, D. P. C. & McIntyre, A. K. (1948). Analysis of forelimb-hindlimb reflex activity
in acutely decapitate cats. J. Neurophysiol. 11, 455—470.
Magnus, R. (1926). Some results of studies in the physiology of posture (Cameron Prize
Lectures). Lancet 211, 530-536 and 585—588 (2 parts).
McCouch, G. P., Deering, I. D. & Ling, T. H. (1951). Location of receptors for tonic neck
reflexes. J. Neurophysiol. 14, 191—195.
Mori, D. & Brookhart, J. M. (1968). Characteristics of the postural reactions of the dog to
a controlled disturbance. Am. J. Physiol. 215, 339—348.
Shimamura, M. (1961). Presumptive evidence for a supraspinal loop relaying inter-limb
reflexes. Physiologist, Lond. 4, 108.
Shimamura, M. & Akert, K. (1965). Peripheral nervous relations of propriospinal and
spino-bulbo-spinal reflex systems. Jap. J. Physiol. 15, 638-647.
CERVICAL ATAXIA AND SPINAL REFLEXES 447
Shimamura, M. & Livingston, R. B. (1963). Longitudinal conduction systems serving
spinal and brain stem coordination. J. Neurophysiol. 26, 258-272.
Shimamura, M., Mori, S., Matsushima, S. & Fujimori, B. (1964). On the spino-bulbo-
spinal reflex in dogs, monkeys and man. Jap. J. Physiol. 14, 411—421.
Shimamura, M., Mori, S. & Yamauchi, T. (1967). Effects of spino-bulbo-spinal reflex
volleys on extensor motoneurons of hindlimb in cats. J. Neurophysiol. 20, 319—332.
Sprague, J. M. & Meikle, T. H. (1965). The role of the superior colliculus in visually guided
behaviour. Expl Neurol. 11, 115—146.
Takagi, H., Matsumura, M., Yanai, A. & Ogiu, K. (1955). The effect of analgesics on the
spinal reflex activity of the cat. Jap. J. Pharmacol. 4, 176-187.
Weeks, Virginia D. & Travell, Jamet (1955). Postural vertigo due to trigger areas in the
stenocleidomastoid muscle. J. Pediat. 47, 315—322.
[From the Proceedings of the Physiological Society, IS—19 July 1969]
Journal of Physiology, 204, 82-83 P
Proprioceptive projection areas of the cerebral cortex and their
relation to cervico-lumbar spinal interactions
By V. C. Abrahams. Department of Physiology, Queen's University,
Kingston, Ontario, Canada ■ -
It is an old observation that interference with structures of the neck can
lead to instability of gait (Bernard, 1865). This early observation was con¬
firmed and extended by Cohen (1961) who showed that local anaesthesia
of the upper three cervical dorsal roots in monkeys led to a transient gross
ataxia. Similar transient disorders of gait were found in the cat (Abrahams
& Falchetto, 1969) following section of nerves to a neck extensor muscle,
biventer cervicis (BC). In seeking an explanation of this ataxia, it was
found in the chloralose anaesthetized cat, that electrical stimulation of the
central cut end of the BC nerve or forepaw skin and muscle nerves sub¬
stantially potentiate lumbosacral monosynaptic reflexes. Unlike the
cervico-lumbar interactions described in the spinal cat by Lloyd (1942) and
Lloyd & Mclntyre (1948), interactions in the chloralose anaesthetized cat
have long latencies, exceeding 25 msec, and a total duration exceeding
30 msec. These interactions are dependent on structures above the spinal
cord (Abrahams, Butler & Falchetto, 1968) and in the decerebrate pre¬
paration only weak cervico-lumbar interactions can be found. The present
experiments show the interactions to be dependent upon the integrity of
regions of the cerebral cortex.
Two cortical areas receive proprioceptive input from forepaws and neck,
the post-cruciate dimple (Oscarsson & Rosen, 1963) and the anterior pole
of the suprasylvian gyrus (Landgren & Silfvenius, 1968). Single shock
stimulation to both these cortical areas produces effects on lumbo-sacral
reflexes resembling cervico-lumbar interactions. The most noticeable effect
is a potentiation of monosynaptic reflexes after a latency of some 15 msec
with a duration of 30-40 msec. The post-cruciate dimple is not critical to
cervico-lumbar spinal interactions, for its bilateral excision produces only
a transient reduction of cervico-lumbar interactions. On the other hand,
excision of the contralateral anterior pole of the suprasylvian gyrus vir¬
tually abolishes cervico-lumbar interactions from the BC nerve and sharply
reduces interactions from forepaw skin and muscle nerve. This area of the
suprasylvian gyrus has input from the vestibular apparatus and other
major sensory systems (Landgren, Silfvenius & Wolsk, 1967). The present
findings are consistent with the view that it may be concerned with the
integration of postural reflexes, in part exerting its effects by modulating
spinal reflex excitability.
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explained by the fact that before the pentobarbitone sodium injection a
great number of stimuli have fallen during periods of pronounced back¬
ground activity, during which the evoked responses have been absent or
small.
When, however, the circuit described by McDonald (1963) is used, so
that stimulation is restricted to periods when background activity is
minimal, both before and after the injection of pentobarbitone sodium,
then the injection is seen to reduce the averaged evoked potentials. It is
therefore essential, when comparisons are made by computer averaging
techniques with evoked potentials, to ensure that stimuli are always
applied at comparable times in relation to background electrical activity.
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Recordings were made from pelvic, hypogastric, and uterine nerves of the nonpregnant cat during
electrical stimulation, manual compression, and inflation of the uterus and vagina. Unit recording
showed that most but not all afferents from the uterus and vagina travel in the hypogastric, where they
may constitute about 5 % of the afferent fibers. Receptors were both restricted field and wide field, and
although readily excited by manual compression they were less readily excited by increased intrauterine
pressure.
Introduction
Little is known of uterine afferents in the cat.
The rabbit uterus is known to have mechano-
receptors (Bower 1959; 1966a, 1966b), and
afferent pathways from the uterus and cervix
relaying to the hypothalamus and cortex have
been demonstrated in the cat (Abrahams et al.
1964; Befort and Albe-Fessard 1966). In the
present experiments electrophysiological tech¬
niques have been used to define the peripheral
afferent pathways from the uterus and vagina
in the cat and to examine the distribution and
some of the properties of the receptors.
Methods
Experiments were performed on 38 female cats
each anesthetized with a single intravenous dose of
chloralose (60 mg/kg) after the induction of anes¬
thesia with ethyl chloride and ether. The pelvic area
was exposed with a long midline incision, and the
uterus brought into view by displacement of the in¬
testines and bladder. Nerves were protected with Dow-
Corning Medical Fluid 360. In experiments in which
compound action potentials were very small, averages
were constructed by using a computer of average
transients to improve the signal-to-noise ratio. Records
of unit data were made on magnetic tape and were
photographed. Receptors of the uterus, and other
hollow viscera, were activated by direct electrical
stimulation, or by light compression with insulated
forceps. In some experiments intrauterine pressure
was increased by inflation with air. Recordings were
made from the whole hypogastric or pelvic nerves,
from filaments dissected from the nerves, or from
fine nerve filaments leaving the uterus (uterine
nerves).
Results
Langley and Anderson (1894, 1895 a, b, and
c; 1896 a and b) showed that the uterus and
vagina are innervated by the pelvic and hypo¬
gastric nerves with no contribution from the
sacral nerves. Recordings made from the pelvic
nerve show that although it carries many affer¬
ents from bladder and intestine, only rarely
does it carry afferents from the vagina, and
never, in our experiments, from the uterus. Of
the pelvic nerves examined in 25 cats, activity
was found in only two following electrical stim¬
ulation of the vagina. Electrical stimulation
or manual compression of the uterine horns
never led to detectable electrical activity either
in the whole pelvic nerves or in filaments dis¬
sected from whole nerves. In contrast, electrical
stimulation of the vagina and uterus commonly
led to the appearance of compound action po¬
tentials in the peripheral stump of the cut hypo¬
gastric nerve, and manual compression of the
uterus led to the discharge of individual units.
The peak amplitude of compound action poten¬
tials recorded from the hypogastric nerve was
only 2.5% of the amplitude of a compound
action potential resulting from direct supra¬
maximal electrical stimulation of the whole
nerve, suggesting that vaginal and uterine affer¬
ents constitute only a small fraction of the affer¬
ent fiber. Most afferents arise from other hollow
viscera, and unit discharge was readily caused
by manual compression of the bladder and in¬
testine. Measurements of conduction velocity
showed uterine afferents to conduct at velocities
ranging from 0.84 to 2 m/s.
In 19 cats recordings were made directly
from the uterine nerves. All nerves showed the
presence of unit activity following compression
of an ipsilateral uterine horn. On 22 occasions,
during recording from a uterine nerve which
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responded to manual compression of the uterus,
a pressure of up to 100 mm Hg was applied to
the lumen of the uterus. On five occasions only
did this maneuver lead to recognizable unit
activity in the nerve. In a number of experi¬
ments the uterus was lightly compressed with
forceps over its entire surface during recording
from a single unit in the uterine nerve. In this
way 18 units were found serving almost the
whole of one horn and 12 were found to have
receptive fields that were restricted to an area
occupying about 1 cm2 on the uterine horn.
Discussion
Most afferents from the uterus travel in the
hypogastric nerve and appear readily excited
by manual compression of the uterus and less
readily excited by distention of the uterus. Since
these experiments were performed on nonpreg¬
nant cats, these findings may simply relate to
the lack of distensibility of the nonpregnant
uterus.
The proportion of sensory fibers in the
hypogastric nerve that originate in the uterus or
the vagina is not large, but if the amplitude of
the compound action potential is used as an
indication, then about 5% of afferent nerves in
the hypogastric originate in the generative or¬
gans. This figure is arrived at by assuming the
hypogastric nerve to be evenly divided between
sensory and motor fibers and assuming the am¬
plitude of the compound action potential to be
related to the numbers of individual fibers con¬
ducting. Receptors in the generative tract might
be associated with the vascular supply or they
may play a more direct role in the physiology
of the uterus, perhaps in the regulation of
neurohypophyseal hormone release, since it is
known that pathways from the uterus relay to
hypothalamic regions concerned with the re¬
lease of neurohypophyseal hormones (Abra¬
hams et al. 1964; Befort and Albe-Fessard
1966; Bisset et al. 1966).
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ABSTRACT
A mechanical device to evacuate the urinary bladder of the intact
dog has been studied. Both acute and chronic studies to determine the
effectiveness of this form of evacuation have been carried out. It was
clear that excellent voiding could be produced on acute experiments.
However, with chronic use all animals developed serious complications,
such as peritoneal adhesions, peritonitis, and severe contracture of
the bladder, which prevented further testing of the device. This is
felt to be due to the vigorous contractions of the normal bladder
against the relatively rigid device. It is felt that further work is
needed and that the device should be tested on animals with de-
nervated atonic bladders.
Despite significant improvement in the management of patients with neuro¬
genic vesical dysfunction, the treatment of the hypotonic bladder, frequently
seen among diabetics and others, remains unsatisfactory (1).
Currently, when simple measures such as multiple voiding and administra¬
tion of drugs (e.g., Urecholine) fail to reduce the residual urine to acceptable
levels, transurethral resection of the bladder neck or Y-V-plasty is done to
reduce the outflow resistance and restore the "detrusor balance" (2). Because
of the development of bladder neck contracture and other complications fol¬
lowing transurethral resection, a reported 20 to 40 per cent of these patients
continue to build up residual urine, resulting in progressive deterioration of
the upper urinary tract and urinary diversion in one form or another (3).
Urinary diversion, except when done as a life-saving procedure, has been
found to be unsuitable because of the high incidence of postoperative complica¬
tions and its failure to provide social acceptability. There is therefore a great
need for investigation of new methods, based on physiologic principles, for
improving vesical emptying in these patients.
Bradley et al. and others (4-9) have reported encouraging results with the
use of electrical stimulation to produce micturition in dogs. However, serious
problems such as pain, current spread, and outflow resistance have been en¬
countered with its use in humans (10).
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With a view to improving the intravesical pressure without any increased
outlet resistance, we have designed a mechanical encapsulating device in our
laboratory and here report the results of our initial studies in dogs.
MATERIALS AND METHODS
Our method is based on the proposal to surround the urinary bladder with
a double-walled casing of a flexible but relatively inextensible material. Upon
inflation of the interwall cavity with a suitable fluid under pressure, the inner
wall of the casing will collapse onto the bladder and increase the intravesical
pressure sufficiently to cause micturition. Our initial efforts have been directed
to the design of a suitable bladder casing and this report is limited to the
description and evaluation of this casing.
The device consists of a pear-shaped casing of 0.020-inch medical grade
Dacron-reinforced silicone rubber (Fig. li which has an inner wall of the
same material covering one-half of the dome. It is designed to fit the mod¬
erately distended dog bladder. To assist fixation of this device to the bladder
neck, a Dacron mesh skirt is fixed to the free edge. The device has been
constructed in three different sizes (120, 150, and 200 ml) to accomplish
proper fitting of the bladder in each animal at the time of surgery. A silicone
rubber tube 20 cm long and of 4-mm outside diameter is attached to the apex
Fig. 1. Photograph of a silicone rubber casing with diagram of cross-section to show
construction. Bold dashed line shows position of inner wall when interwall cavity inflated.
Fine dashed line shows Dacron mesh skirt.
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of the dome to give access to the interwall cavity. When fluid pressure is ap¬
plied to this tube, the inner wall of the casing inverts to sweep the full volume
of the casing. The end of the tube is sealed with silicone rubber.
Ten dogs of either sex and weighing from 25 to 30 kg were used in this study.
In the first five dogs (group A) the following technique was used.
Under i.v. Nembutal anesthesia the bladder was exposed through a lower
midline abdominal incision. It was filled through a urethral catheter with
saline under gravity. With two pairs of hemostats holding the Dacron mesh
skirt, the device was slipped over the dome of the bladder and was fixed by
suturing the skirt to the bladder neck with 0000 chromic interrupted sutures.
Care was taken to avoid the mucosa. To prevent kinking and obstruction of
the ureters, windows were cut in the skirt for the ureters to enter the bladder.
The rectus muscles and fascia were reapproximated and the tube connecting
the interwall cavity was brought out through the incision. The skin incision
was closed with 00 silk.
At the end of surgery, an appropriate volume of saline was injected into the
cutaneous end of the tube by means of a 21 gauge hypodermic needle. A good
flow of urine per urethra was obtained in each case, and good bladder emptying
was achieved, with virtually no residual urine. Following emptying, the driv¬
ing fluid was withdrawn. The tests for voiding were repeated postoperatively
at weekly intervals.
The remaining five dogs (group B) were employed as a control group. In
these animals, the device consisted of a single-walled casing without the tube.
The implantation technique was the same except that a test for voiding was
not carried out. All animals in groups A and B received antibiotics during
the immediate postoperative period.
RESULTS
Group A. In an acute experiment with the bladder held to avoid errors due
to pulling on the neck we compared the threshold voiding pressure with
manual expression to that with electrical stimulation. Although a manually
induced pressure of approximately 30 mm Hg would produce a steady stream,
electrically induced pressures of up to 40 or 50 mm Hg were required to
produce a similar stream. Pressure measurements were made during the im¬
plantation of two bladder casings by means of the urethral catheter. These
showed that with a filled bladder having a resting pressure of approximately
15 mm Hg the intravesical pressure was 5 mm Hg higher than the fluid pres¬
sure applied to the casing over a range of 20 to 60 mm Hg applied pressure.
All five animals in group A survived the operation and were sacrificed at in¬
tervals of 1, 2, 3, 4 and 6 weeks after surgery. On the day of surgery, good
emptying of the bladder was noticed following the injection of saline into the
inlet tube in all the animals. However, all subsequent testing of the device
produced only fair to poor emptying. In one animal, injected saline was seen
coming out of the urethra because of the development of a fistulous communi¬
cation between the bladder and the device.
In two other animals, the inlet tube retracted inside the abdomen with













Good at the time of surgery. Large thick brownish fluid in the abdo¬
men with signs of peritonitis. Bladder
remained contracted and thickened.




Good at the time of surgery. Large thick brownish fluid in the abdo¬
men with signs of peritonitis. Bladder
remained contracted and thickened.
7 3 Healthy but inconti¬
nent.
Good at the time of surgery,
but fluid could not be re¬
covered from the casing.
Signs of peritonitis with fistulous com¬
munication between the bladder and
the casing. Bladder remained small
and contracted.
9 4 Healthy but inconti¬
nent.
Good at the time of surgery,
but fluid could not be re¬
covered from the casing.
Signs of peritonitis with fistulous com¬
munication between the bladder and
the casing. Bladder remained small
and contracted.
12 6 Healthy but inconti¬
nent.
Good at the time of surgery. Massive adhesions with signs of peri¬
tonitis. Bladder wall thickened and
contracted; also fluid accumulation as
in dog 18.
marked abdominal distention. Autopsy revealed signs of severe peritonitis.
Constant dribbling of urine, due to the development of a small capacity con¬
tracted bladder, was noticed in the remaining two animals. The autopsy find¬
ings are given in Table 1.
Voiding pressure studies by means of suprapubic catheters were not pos¬
sible because of the presence of the casing. Detailed followup pressure studies
by means of urethral catheters were not possible because of the postoperative
complications described.
Group B. Owing to the high incidence of infection noticed in group A, extra
measures were taken to eliminate infection in the animals in group B. No
tube was left outside the abdominal wall.
All five animals survived the operation and were active and healthy post¬
operatively. The incisional wound healed without infection in all of them.
Intravenous pyelograms done 2 weeks after surgery showed normal upper
urinary tracts in all the dogs. Animals were sacrificed at 2, 3, 4, 11 and 15
weeks after surgery to study changes on the bladder wall. In three animals,
the silastic casing was found to have separated from the Dacron mesh skirt
and was lying free in the peritoneal cavity. The bladder itself appeared to be
completely normal. The casing remained intact in the remaining two animals
and was seen covered by omentum. On sectioning through the casing, a
cavity was seen between the casing and the bladder wall, containing about 8
to 10 ml of colorless, slightly viscous fluid. The area of the bladder under
the casing remained contracted and was coated with a yellowish brown
Fig. 3. Bladder opened to show the considerable thickening of the wall
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Postoperative Condition Postoperative IVP Autopsy Findings
90
wks
3 Active and healthy;
no complications.
Normal BUN; IVP normal
except for deformity over
bladder.
Fluid (5-6 ml) between casing and blad¬
der; marked thickening of bladder wall
with contraction of area under casing.
91 2 Active and healthy;
no complications.
Normal BUN; IVP normal. Bladder casing found separated from
Dacron skirt and lying free in peri¬
toneal cavity. Normal bladder.
92 11 Active and healthy;
no complications.
Normal BUN; IVP normal
except for deformity over
bladder.
Bladder casing found separated from
Dacron skirt and lying free in peri¬
toneal cavity. Normal bladder.
93 15 Active and healthy;
no complications.
Normal BUN; IVP normal
except for deformity over
bladder.
Bladder casing found separated from
Dacron skirt and lying free in the peri¬
toneal cavity. Normal bladder.
94 4 Active and healthy;
no complications.
Normal BUN; IVP normal
except for deformity over
bladder.
Fluid (5-6 ml) between casing and blad¬
der; marked thickening of bladder wall
with contraction of area under casing.
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exudate (Fig. 2). Considerable thickening of the bladder wall was also
noticed (Fig. 3). Flistologic examination revealed severe fibrous tissue infiltra¬
tion of the bladder wall (Fig. 4). Bacteriologic studies carried out on all the
animals during autopsy showed no evidence of infection. The postoperative
findings are summarized in Table 2.
discussion and conclusions
From the results of our study in group A, it becomes clear that excellent
voiding can be produced in every animal on the day of surgery. However,
with chronic postoperative use all animals developed serious complications,
such as peritoneal adhesions, peritonitis, and severe contracture of the bladder,
which prevented further testing of the device. To find out whether these
complications were due to tissue reaction to the material, a series of experi¬
ments was conducted with patches of silicone rubber applied to dog bladder.
Only minimal tissue reaction resulted (see appendix). However, when sili¬
cone rubber was placed around the bladder as an encapsulating device, as was
done in group B, fairly serious reaction was noted in the form of fibrous tissue
infiltration and thickening of the bladder muscle. Also, the area of the bladder
under the device became contracted in the two animals in which the casing
remained in position. Such a serious reaction might have been due to the
frequent vigorous contractions of the normal bladder enclosed by the rela¬
tively rigid casing, which produced a shearing stress. The same stress was
probably responsible for the separation of the casing noted in three animals
of group B. Such an effect may not be produced were the device to surround
an atonic bladder and voiding produced only at the time fluid enters the
space between the walls of the casing. It is felt that further work is needed
in developing a self-adjusting emptying mechanism to achieve controlled
micturition, and we recommend that the device be tested on animals with
denervated atonic bladders.
appendix
The Effect of Silicone Rubber Patches on the Urinary Bladder in Dogs
A study of the tissue reaction of the serosal surface of dog urinary bladder
to silicone rubber was investigated in a series of patch tests.
Twenty-four adult male and female dogs weighing 12 to 20 kg were used
in the study. They were divided into two groups. Group 1 consisted of 12
dogs in which a 2- by 2-cm square patch of silicone rubber was sutured to the
serosal surface of the dome of the bladder. Group 2 consisted of the same num¬
ber of animals in which similar patches of silicone rubber reinforced with
Dacron mesh were used.
The animals were sacrificed at fixed intervals varying from 1 to 32 days,
and at autopsy bacteriologic and histologic studies of the bladder were carried
out. In each dog the omentum covered the patch but was easily freed without
causing bleeding. There was a definite cavity between the patch and the
bladder, containing 2 to 3 ml of clear viscous fluid with hyperemia of the
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serosal surface and some thickening of the bladder musculature. No ab¬
normality was seen in the mucosa, nor were there any gross changes in the
other abdominal viscera. Only four of the animals showed any significant
growth of Staphylococci from the peritoneal cavity or the fluid under the
patch. The histologic findings in both groups were identical and consisted of
a thin layer of connective tissue coating the serosal surface, associated with
focal hemorrhages with a few polymorphs and lymphocytes. No plasma cells
or giant cells were seen. In a few dogs, the muscle underlying the serosa
showed fibrous tissue infiltration.
In this study only minimal histologic evidence of tissue reaction to silicone
rubber was noted and the presence of Dacron mesh did not seem to affect the
tissue tolerance. This was not the finding with the whole-bladder emptying
device. We can only conclude that bladder movement is the predominant
factor producing the extensive reaction observed.
Acknowledgments. The authors wish to thank Mr. T. Monchesky and Mr.
D. Huggins, who carried out the patch experiments.
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Intraspinal mechanisms in cortically mediated descending cervico-lumbar
reflex interactions. V. C. ABRAHAMS, Dept. of Physiology, Queen's
University, Kingston, Ontario.
In previous experiments we have shown that a prominent characteristic
of cortically mediated descending cervico-lumbar reflex interactions is
a prolonged and selective facilitation of lumbosacral monosynaptic reflex
excitability. Current experiments show that this facilitation is not
likely to be due to increased postsynaptic excitability, since then both
monosynaptic and polysynaptic reflexes are enhanced. No evidence has
been found in favour of the monosynaptic facilitation being due to pre¬
synaptic mechanisms. Excitability of Gp. 1 terminals in the ventral horn
is unaltered early in the interaction, when the facilitation is maximal.
Later in the interaction, there is an increase in the excitability of the
Gp. 1 axons, but on the basis of current theory, this should lead to a
fall in reflex excitability, not the observed increase. Additional
evidence against a presynaptic mechanism comes from examination of the
dorsal root potentials (which should reflect primary afferent depolari- v.
zation). No firm relationship can be observed between dorsal root
potentials and monosynaptic reflex facilitation. It is concluded that
the mechanism underlying the prolonged monosynaptic facilitation is
either remote (dendritic) in origin, or is dependent on some hitherto
unexplained neuronal property.
Supported by the Medical Research Council.
IEEE, Student J., 8, (1970), 35-38.
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The beat of your heart can now be analyzed by computer. Here, a Canadian
physiologist describes the automated electrocardiogram.
Vivian C. Abrahams
The concept that disease can be diagnosed and cor¬rect treatment determined with the aid of a machine is
not new, but until recently the technique had mainly been
employed by those more concerned with parting fools from
their money than with serious machine diagnosis of dis¬
ease. In the last eight or nine years, serious attempts have
been made to create machines that will fulfill all or some
part of the task of diagnosis. The techniques employ either
conventional computers, handling coded information, or
special purpose machines to handle one or a few specific
tasks.
In medical administration the computer has been
adopted to create files, to ease the problem of handling
medical information, to regulate the automated devices
that perform laboratory tests, and even to compile the data
output to aid diagnosis. As yet, the computer has not re¬
placed the doctor in assembling all the information ob¬
tained from a patient, and in presenting a diagnosis in a
reliable and acceptable fashion.
The process of medical diagnosis is based on an ordered
sequence of examinations. The patient is questioned to ob¬
tain his history. He is then subjected to a physical exami¬
nation in which he should be completely examined, not
only to explore further the symptoms that first brought him
to the doctor, but also to detect obvious signs of other dis¬
eases. Next, laboratory tests are performed. These may be
X-rays, they may include biochemical analysis of body
fluids, or they may involve highly specialized techniques
based on the distribution of isotopes. If possible, tests are
performed that enable the doctor to verify what he thinks
the condition may be.
Often the task is complicated because of the presence of
multiple disorders, the effects of previously administered
medication, or because the patient has lapses of memory
and either fails to supply vital data or supplies incorrect
data. The successful doctor often needs to use intuition
and subtlety in securing the information he needs to aid his
diagnosis. Nonetheless, since diagnosis involves an ordered
sequence of logical questions and answers, a computer
should be able to perform the task. The job is enormous,
the cost huge. At the moment the main benefit in perform¬
ing such a task is to explore its feasibility and to learn
more concerning the nature of the problems that must be
overcome.
Partial diagnostic systems and aids have been created
and are in use in the United States and Sweden. In such
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Fig. 1. A single cycle of the EKG shows
the measurements of amplitudes, dura¬












systems the computer may be used to perform preliminary
patient screening. Usually the patient answers a question¬
naire using mark-sense cards. The gathered data is com¬
piled and on the basis of the compilation, the patient may
be directed to an appropriate service or laboratory. There
is an obvious benefit here in saving the doctor's precious
time.
Not everyone is happy with this type of system because
of the unreliability of data provided by patients. Studies
have been made to check the validity of data obtained
from patients, and also the reliability of laboratory tests.
There is a surprising amount of error present in both types
of data.
One of the assets of computerized medical laboratories
is that the examination of laboratory generated data acts
as a good form of quality control. For this reason, and also
because of the sheer enormity of the task of total diagno-
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sis, the greatest progress has been made in more limited
diagnostic tasks. Signals generated by the body, are readily
available in electrical form, and when properly analyzed,
can be used as a basis of a diagnostic routine. Such signals
include the electrical activity associated with each beat of
the heart, the electrocardiogram (ekg), the electrical ac¬
tivity generated by the brain that can be recorded from the
scalp, the electroencephalogram (eeg), the specific change
in brain electrical activity that follows a sudden sensory
stimulus, the evoked potential, and the electrical signal
that can be generated by a transducer recording the flow of
gases into and out of the lungs, or pressure or blood flow
in the circulatory system.
For the last few years here at Queen's University in On¬
tario, we have been concerned with the development of an
operational system for the computer diagnosis of ekg's to
determine whether a service can be provided at a realistic
cost to give doctors in a wide and lightly populated area
access to ekg analysis.
Our work was based on that of Dr. Cesar Caceres and
his colleagues, then in the Public Health Service in Wash¬
ington, D.C. The ekg is conventionally recorded as a po¬
tential change between two points in the body surface and
consists of a regularly repeated series of complex wave¬
forms (Fig. 1). By using a computer to measure the time
between various waves and the amplitude of the waves,
Dr. Caceres and his colleagues developed a program that
was able to create an ekg diagnosis (Fig. 2). Our aim was
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Fig. 2. With the Caceres Program the
sequence of signal treatment underlies
computer analysis of EKG's.
ceres program was translated from the machine language
in which it was originally compiled to Fortran. Although
such program translation is not justifiable on economic
grounds, it is essential if the program is to run on available
computers. At this stage we found that even with the large
360/50 available to us, the central processing unit (cpu)
time usage raised the cost of computer analysis above the
cost of conventional techniques. It is possible, however, to
reduce this cost by recording the electrocardiogram in a
different fashion.
Conventional ekg's are called 12-lead ekg's, as the po¬
tentials are recorded serially from twelve different arrange¬
ments of electrodes on the body surface. The same amount
of information may be obtained by recording simulta¬
neously from leads disposed around the body and resolving
the recorded potential changes to give three orthogonal
vector components. This technique is called vectorcardi¬
ography (vcg), but it is not as widely employed as the
12-lead system. From the point of view of computer pro-,
gramming, vcg, is far preferable and programs for vcg
analysis have been written in a number of laboratories. •
The problem that we faced was the difficulty in gaining
acceptance for a computer based system for general use;
one for our particular needs, utilizing vcg, was likely to
die at birth. We therefore decided to stay with the 12-lead
system whose printout is full of familiar detail for the doc¬
tor, and hoped that once the use of the computer was ac¬
cepted, we could try to wean out doctors to the vcg and
then show real economies.
The next problem that arose concerned capture of the
signal. Ideally the information should come straight from
the patient to the computer and some display of the diag¬
nosis should be instantaneously returned to the bedside.
Such a system while feasible is not economically viable.
The data transmission system must incorporate some form
of coding that allows patient identification and transmis¬
sion of data other than the ekg vital to the diagnosis.
Originally, the data capture system was based on an fm
tape recorder that was wheeled from bed to bed. Such carts
proved too costly for wide distribution, and now one cart
is centrally located and connected to a dial-up telephone
system. The new bedside unit is a relatively low-cost
January 1970 3 7
I •" / \
/
. . ■:'■ '
Fig. 3. Bedside equipment for EKG capture of computer
analysis includes the strip chart recorder that produces a
conventional record. The acoustic coupler transmits this
information together with appropriate codes to a central
capture site.
acoustic coupler with a built-in coder (Fig. 3). The
360/50 available to us is used extensively in the time shar¬
ing mode and offers Watfor1 terminals, cro displays, and
keyboard terminals with a variety of languages. In addi¬
tion, there is access to the 360/50 from a number of small
remote computers. The taped data is fed to the small com¬
puter control system through the analog-to-digital con¬
verter of a Linc-S. The control system operated by a
PDP-9 allows the information to be stored in the 360/50
as digital tape and when needed the program is run and
the conventional printout is obtained.
The system is clumsy; however, this does not detract
from its major purpose, which is to allow doctors to use a
1 The term "Watfor" is a commonly used term for a compiler .
for Fortran use on the IBM 360 series. The compiler has the;
great virtue of being a "load and go" system and therefore is
extremely quick. It is, however, not suitable for long jobs. We
use Watfor terminals for student use and can get up to 1000 or
more jobs a day.
computer-based system to test it for convenience, reliabil¬
ity, and general acceptability, and to identify the ways in
which costs may be reduced to bring the system to a finan¬
cially acceptable level. If these criteria are met, and the
system meets the need of the rural hospital or isolated
practioner, then we must improve the engineering to re¬
duce costs and improve convenience. The first criterion of
any computer-based diagnostic system is that it must be
completely acceptable to the profession that is to use it. By
starting small it is possible that such systems will be devel¬
oped. From there it may be a large jump to the total diag¬
nostic machine, but a necessary jump to make. In our own •
experience, the cost of data transmission and peripheral
equipment is a major hurdle. Perhaps if systems do be¬
come accepted on a wider basis we may realize the econo¬
mies of scale and produce low cost peripheral equipment
that will make a system widely available at a reasonable
■ cost. After a decade of vigorous growth we soon will ap¬
proach infancy.
J. Physiol. (1970), 209, pp. 45—56
With 5 text-figures
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CERVICO-LUMBAR REFLEX
INTERACTIONS INVOLVING A PROPRIOCEPTIVE RECEIVING
AREA OF THE CEREBRAL CORTEX
BY V. C. ABRAHAMS
From the Department of Physiology, Queen's University,
Kingston, Ontario, Canada
(Received 8 December 1969)
SUMMARY
1. In the decerebrate cat descending cervico-lumbar reflex interactions
from neck muscle nerves are absent, and those from forepaw nerves are
reduced or absent.
2. Lesions restricted to the anterior pole of the suprasylvian gyrus
regularly abolish descending cervico-lumbar reflex interactions from neck
muscle nerves. The same lesions may reduce or abolish descending cervico-
lumbar reflex interactions from forepaw nerves.
3. The ascending cortical looping pathway utilized in descending cervico-
lumbar reflex interactions is crossed, and the descending pathway from
the cerebral cortex is bilateral.
INTRODUCTION
Apart from the operation of hopping and placing reflexes, the role of the
cerebral cortex of the cat in posture has not been well defined. The region
of cortex involved in hopping and placing reflexes is restricted largely to
the pericruciate area (Bard, 1931, 1933). As might be expected, the peri-
cruciate area receives connexion from proprioceptive afferent systems
(Mountcastle, Covian & Harrison, 1952; Gardner & Haddad, 1953;
Mclntyre, 1953; Amassian & Berlin, 1958; Oscarsson & Rosen, 1963), but
this region is not unique in this respect, and such input goes to the second
somatosensory area (Mountcastle et al. 1952; Gardner & Haddad, 1953),
the region of the postcruciate dimple (Oscarsson, Rosen & Sulg, 1966) and
the anterior pole of the suprasylvian gyrus (Landgren, Silfvenius & Wolsk,
1967a; Landgren & Silfvenius, 1968, 1969). The existence of these wide¬
spread cortical proprioceptive connexions has not been adequately ex¬
plained and may be related to hitherto unexamined cortical function in
posture. The experiments described here show that cortical proprioceptive
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receiving areas are involved in spinospinal descending reflex interactions.
One region in particular, the anterior pole of the suprasylvian gyrus
(ASSG) is critically involved in such interactions, and is essential for neck
muscle proprioceptors to exert effects at lumbosacral levels of the cord.
The experiments were prompted by our previous finding (Abrahams &
Falchetto, 1969) that intraspinal systems for cervico-lumbar interactions
(Lloyd, 1942; Lloyd & Mclntyre, 1948) are suppressed in the chloralose
anaesthetized cat in favour of systems utilizing supratentorial structures.
METHODS
Experiments were performed on cats anaesthetized with a single intravenous dose
of chloralose (60 mg/kg) given after the induction of anaesthesia with ethyl chloride
and ether, or on non-anaesthetized cats following a mid-collicular decerebration under
methoxyfluorane anaesthesia (Metofane, Pitman-Moore). Nerves prepared for stimu¬
lation included the posterior-tibial, peroneal, superficial radial, dorsal interosseus and
nerves leaving the biventer cervicis muscle. All nerves were bathed in protective
pools of silicone oil (Medical Fluid 360, Dow-Corning Silicones Ltd.). The lumbo¬
sacral cord was exposed from L5 to S2, appropriate ventral roots prepared for elec¬
trical recording, and the exposed cord was also bathed in a pool of silicone oil.
Animals were routinely injected with gallamine triethiodide (Flaxedil, Poulenc) to
abolish reflex movements and were artificially ventilated. Blood pressure, respira¬
tion and body temperature were continuously monitored during experiments. Body
temperature was maintained within normal limits by a heated table. Records were
normally made photographically, but where differences in electrically recorded
spinal reflexes were small, averages were constructed from twenty-five successive
reflexes using a Computer of Average Transients, Model 400B (Mnemotron Cor¬
poration).
When the cerebral cortex was to be stimulated or ablated, it was first exposed by
wide removal of bone and kept moist by the repeated application of silicone oil.
The cerebral cortex was stimulated with 2 msec square-wave pulses using a bipolar
platinum electrode with ball-shaped tips 0-5 mm in diameter, separated by 1 mm.
Plotting of responsive cortical areas was based on stimulation at or close to thre¬
shold. Ablation was restricted as far as possible to removal of the superficial grey
matter using sub-pial suction. Bleeding after ablation was controlled by the applica¬
tion of gelatine sponge. Brains were perfused with formalin at the termination of the
experiment and the extent of the lesion determined from brain sections.
RESULTS
Cervico-lumbar interactions in the non-anaesthetized decerebrate cat and
the actions of chloralose. Decerebration of the chloralose anaesthetized cat
was previously found to abolish or reduce pre-existing cervico-lumbar
interactions, the effects being most pronounced on the interactions that
follow stimulation of the biventer cervicis nerve (Abrahams & Falchetto,
1969). To ensure that the loss of biventer cervicis interaction in these
experiments was unrelated to the presence ofanaesthetic doses of chloralose,
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eight surgically decerebrate cats were prepared under Metofane anaes¬
thesia. Two hours were allowed for the anaesthetic to wear off and the
effects of prior stimulation of superficial radial, dorsal interosseus and
1)iventer cervicis nerves on lumbosacral reflexes then investigated. Even
with the use of the averaging computer, no interactions were found in four
cats. Superficial radial and dorsal interosseus nerve stimulation in the
remaining four cats led to a 10-50% facilitation of the monosynaptic
reflex (Fig. 1). Only in one of these experiments was an interaction found
to follow biventer cervicis nerve stimulation and that was very weak.
y\* -J*''#*?
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Fig. 1. Decerebrate cat. Reflexes recorded from L7 ventral root following
stimulation of the posterior-tibia! nerve. Each record average of twenty-
five consecutive reflexes. A, control reflex; B, reflex preceded by biventer
cervicis nerve stimulation; C, reflex preceded by dorsal interosseus nerve
stimulation; D, reflex preceded by superficial radial stimulation. Condition¬
ing interval, 30 msec. Time calibration: 28 mm = 10 msec.
Chloralose was then administered in the normal anaesthetic dose of 60
mg/kg to the four cats showing descending cervico-lumbar interactions.
The effect of chloralose in these experiments was not to increase the
amplitude of monosynaptic reflexes, as in the spinal cat (Shimamura,
Yamauchi & Aoki, 1968) but to reduce the amplitude of monosynaptic
reflexes without altering patterns of interactions.
Effect of stimulation and ablation of the cerebral cortex on cervico-lumbar
interactions. The regions of the cerebral cortex that receive proprioceptive
input are located in the frontal pole (Mountcastle et al. 1952; Gardner &
Haddad, 1953; Amassian & Berlin, 1958; Oscarsson & Rosen, 1963;
Landgren et al. 1967a; Landgren & Silfvenius, 1968, 1969). In sixteen
cats the exposed surface of the frontal pole was systematically explored,
stimulating with single pulses 10-50 msec before the elicitation of lumbo¬
sacral reflexes. Not only were effects on the lumbosacral cord elicited from
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the pericruciate area, as was to be expected (Bernhard, Bohm & Taverner,
1954; Stewart, Preston & Whitlock, 1968), but stimuli localized to the
postcruciate dimple (PCD) and the ASSG also had effects on lumbosacral
reflex excitability. As Pig. 2 shows, these effects closely resembled those
following biventer cervicis, dorsal interosseus or superficial radial nerve
stimulation. There was an early inconstant discharge over the ventral
roots preceding a period of monosynaptic reflex enhancement. There was
also a prolonged inhibition of the SBS reflex (Shimamura, 1961; Shima-
mura & Livingstone, 1963). These effects appeared about 10 msec earlier
than the consequences of biventer cervicis, dorsal interosseus or superficial
radial nerve stimulation in the same preparation.
UL. J\vv_
Fig. 2. Cat, chloralose 60 mg/kg. Effect of single shock stimulation of the
PCD on lumbosacral reflexes. A, control reflex; B, cortical stimulation 10
msec; C, 20 msec; D, 30 msec; E, 40 msec before eliciting reflex. Time
calibration: 28 mm = 20 msec.
The effect of cortical ablation on cervico-lumbar interactions was tested
in a number of ways. In three cats the frontal pole was progressively
extirpated starting anteriorly at the orbital sulcus. Transient small depres¬
sions followed ablations in the pericruciate area, but recovery was com¬
plete within 10-15 min. Only when the lesion encroached on the ASSG
were interactions sharply reduced or abolished, and then there was no
recovery within the remaining 3 hr or so of the experiment. In nine of the
experiments in which the cortex was stimulated, the PCD was subse¬
quently excised bilaterally. This led to some reduction of interactions from
dorsal interosseus superficial radial nerve stimulation, but the conse¬
quences of biventer cervicis nerve stimulation were largely unaffected
(Fig. 3). In these same experiments when the lesion was then extended to
include the area of the ASSG, interactions from the biventer cervicis nerve
were promptly lost and did not return for the duration of the experiment.
Including these experiments and others in which the lesion was confined
to the ASSG a total of eighteen small unilateral lesions of the type illu-
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strated in Fig. 4 were made. In five experiments this led to the total loss
of interactions from forepaw and neck muscle nerves (Fig. 4). In a further
five experiments the effects of biventer cervicis stimulation were abolished,






Fig. 3. Cat, chloralose 60 mg/kg. Effect of progressive cortical ablations
on cervico-lumbar reflex interactions. Top row, control reflex, dorsal
interosseus, superficial radial and biventer cervicis interactions before
ablations. Middle row, control, same interactions as top row, 20 min after
ablation of pericruciate region and PCD. Bottom row, control, same interac¬
tions as top row 2 hr after extension of lesion to include the anterior pole
of the suprasylvian gyrus. Time calibration: 28 mm = 20 msec.
and dorsal interosseus nerve stimulation. In three experiments both
biventer cervicis and dorsal interosseus interactions were lost but the
effects of superficial radial nerve stimulation were undiminished. In three
experiments only interactions from biventer cervicis nerve were lost. In




Fig. 4. Cat, ohloralose, 00 mg/kg. Loss of interactions after restricted
lesion of suprasylvian gyrus. A, control reflex; B, prior biventer cervicis
stimulation; C, prior superficial radial stimulation; D, prior dorsal inter-
osseus stimulation. Extent of lesion shown on inset diagram. Time calibra¬
tion: 13-5 mm = 20 msec.
Fig. 5. Cat, chloralose 60 mg/kg. Selective loss of dorsal interosseus direct
response following bilateral ablation of the PCD. Activity in L7 ventral
root, left, before PCD ablation; right, after PCD ablation. A, superficial
radial stimulation; B, biventer cervicis stimulation; G, dorsal interosseus
stimulation. Time calibration: 20 mm = 20 msec.
CERVICO-LUMBAR INTERACTIONS 51
The pathway from neck muscle and forepaw nerves to the cortex is
crossed. After a lesion of the ASSG had abolished interactions from con¬
tralateral nerve stimulation interactions were still readily obtained
following ipsilateral forepaw or neck stimulation. The descending path¬
way is bilateral, for the interactions from the ipsilateral forepaw or neck
nerve were exerted equally on reflexes obtained from either side of the
lumbosacral spinal cord.
Effects of cortical ablation on ventral root discharge. Stimulation of nerves
entering the cord at cervical levels not only led to a potentiation of lumbo¬
sacral monosynaptic reflexes but also to an inconstant discharge over the
lumbosacral ventral roots (Abrahams & Falchetto, 1969). This direct
response was also affected by lesions of the frontal pole. Frequently the
reduction or loss of an interaction was accompanied by the loss of a direct
response. Examples of this can be seen in Fig. 3. On many occasions there
was a selective loss of direct responses arising from stimulation of one
nerve. Lesions of the ASSG usually abolished direct responses from the
biventer cervicis nerve, even when the interaction was only reduced. Fig. 5
illustrates another instance of selective loss of one direct response; in this
case the dorsal interosseus response was abolished by bilateral ablation of
the PCD.
DISCUSSION
The experiments reported here reinforce our previous observations
(Abrahams & Falchetto, 1969) that descending cervico-lumbar reflex
interactions are more consistently observed and are greatly enhanced
when supratentorial structures are present. Additionally, evidence is now
presented to implicate the cerebral cortex in descending cervico-lumbar
reflex interactions. A small region of the ASSG which approximates to the
limited area receiving proprioceptive input from neck muscles (Landgren
& Silfvenius, 1969) seems critical for descending reflex interactions from
neck muscle nerves. The relationships between the cerebral cortex and
descending reflex interactions from forepaw nerves is rather different. As
these and our previous experiments have shown (Abrahams & Falchetto,
1969) such descending interactions from forepaw nerves can be obtained
in the decerebrate cat. However, the presence of an intact coi'tex gives rise
to interactions of greatly enhanced magnitude which are more regularly
obtained. Yet we have found that ablation of quite restricted regions of the
cerebral cortex will interfere with even these interactions. Regardless of
the exact functional relationship of the cerebral cortex in descending
cervico-lumbar reflex interactions, the fact that it plays some role is
evidence that the cortex is involved in the co-ordination of intraspinal
mechanisms concerned with posture.
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The cerebral cortex of the cat has usually been regarded as of minor
importance in the reflex regulation of posture. This view largely arose from
the wide range of postural reflex capability of subcortical structures
(Magnus, 1926) and from the study of chronically decorticate cats, which
are well able to stand and walk (Dusser de Barenne, 1919; Schaltenbrand
& Cobb, 1930; Bard, 1931, 1932, 1933; Bard & Rioch, 1937; Bard &
Mountcastle, 1948). Bard (1931, 1932) makes it clear that normality of
locomotion in decorticate cats is relative and he refers (Bard, 1931) to
'approximately normal locomotion' and (Bard, 1932)to 'relativenormality
of locomotion'. Schaltenbrand & Cobb (1930) describe their long surviving
decorticate cat as having an instability of gait and walking on a wide base.
Other defects of locomotion in decorticate cats were described by Bard &
Rioch (1937) and Bard & Mountcastle (1948) and included unusual head
position and an odd gait with a retardation of the initiation of stepping.
There is some similarity between these defects and those that follow section
of neck muscle nerves and which prompted the present enquiry (Abrahams
& Falchetto, 1969).
As well as having locomotor deficits the decorticate cat has deficits of
static posture. There is a gradual and uncorrected sliding out of position so
that ultimately the animal may sustain a grotesque position (Dusser de
Barenne, 1919; Rademaker, 1930; Schaltenbrand & Cobb, 1930; Bard,
1933). This deficit was thought by Rademaker (1930) to be due to the loss
of placing and hopping reflexes. These reflexes Rademaker (1930) viewed
as dependent on cortical integrity. Bard (1933) showed that indeed in the
cat that placing and hopping reflexes depended on the integrity of a small
pericruciate cortical region. However, cats with this cortical region
ablated, and with no placing and hopping reflexes, still exhibited oddities
of static posture (Bard, 1933). Thus, neither static posture nor locomotion
in the decorticate can be regarded as normal, and the deficits are sub¬
stantial. The corollary of this is that the cortex of the cat does have a major
role to play in the reflex regulation of posture. In the present experiments
we have largely confined ourselves to an examination of monosynaptic
reflex excitability in the lumbosacral cord. The ability of the cortex to
manipulate lumbosacral monosynaptic reflex excitability is well known
from previous work (Bernhard et al. 1954; Stewart et al. 1968). What has
now been demonstrated is that the cortex is involved in generating this
output at the lumbosacral level from information entering at the cervical
level. Such a system, operating through monosynaptic reflex excitability,
is well adapted to stabilize posture in the presence of varying loads. This
the hind legs of the decorticate dog cannot do and they bend when slight
pressure is placed on the pelvis (Rademaker & Winkler, 1928). Whether
or not this is a function of the ASSG camiot at present be said. Little is
CERVICO-LTJMBAR INTERACTIONS 53
known concerning the functional significance of the ASSG, but it does
receive extensive connexions from major sensory systems. In addition to
the proprioceptive connexions previously mentioned, the ASSG has input
from the vestibular system (Walzl & Mountcastle, 1949; Kempinsky, 1951;
Mickle & Ades, 1952; Andersson & Gernandt, 1954; Landgren, Silfvenius
& Wolsk, 1967b), from skin (Landgren et al. 1967a; Landgren et al. 1968)
and from visual and auditory systems (Landgren et al. 19676; Landgren
& Silfvenius, 1968).
It may be of some significance that it is descending cervico-lumbar reflex
interactions from neck muscle receptors that are particularly dependent on
the integrity of the ASSG. In a consideration of reflexes originating from
neck structures it has generally been suggested that the receptors are not
in muscle, but lie in deeper structures. Tonic neck reflexes are dependent on
vertebral structures (McCouch, Deering & Ling, 1951). Cervical nystagmus
that follows the injection of local anaesthetic into neck muscles is attributed
to interference with deep receptors rather than interference with muscle
receptors (Biemond & de Jong, 1969). (However, in this work reference is
made to experiments of Longet dating from 1845 in which he described
disorders of gait that resulted from interference with the cervical muscula¬
ture in dogs, horses, sheep, cats, rabbits and copybaras.) Nonetheless, in
man, neck muscles have a high density of muscle spindles with levels
approaching those of the intercostals (Voss, 1958). Since the intercostals
have a unique system of reflex control through the fusimotor system
(Sears, 1964) it might be argued that a similar control system exists from
neck muscles and this explains the high density of spindles. Such a hypo¬
thesis is not borne out by the consequences of section of neck muscle
nerves, for this leads to minimal interference with head movement but to
an interference with hind leg gait (Cohen, 1961; Abrahams & Falchetto,
1969). It seems likely therefore that the richness of the spindles in neck
muscle relates more to a sensory function with respect to head position
and loading. In the cat, the head represents a substantial proportion of the
total body mass, perched at one extremity well away from the centre of
gravity. Head movements inevitably will alter loading on the muscles
supporting the body. It should be no surprise that input related to head
position should control a system underlying the type of reflex interactions
that has been described here.
Some additional mention should be made of other events in the lumbo¬
sacral cord that follow stimulation of forequarter nerves. Characteristi¬
cally, the chloralose anaesthetized cat will show a vigorous jerk after
somatic or auditory stimulation. This 'chloralose jerk' was shown by
Adrian & Moruzzi (1939) to involve the cerebral cortex, since it was
accompanied by discharge in the pyramidal tracts. Defined electro-
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physiologically, chloralose jerks are 'a reflex discharge which can be
recorded from somatic motor axons, lasting some 10-25 msec and with a
latency varying between 10 and 80 msec depending on the stimulation
and recording site' (Devananden, Eccles, Lewis & Stenhouse, 1969). What
has been called in this and previous work the ' direct response' (Abrahams
& Falchetto, 1969) should be considered synonymous with the chloralose
jerk. Intracellular records by Devananden et al. (1969) show that the direct
discharge results from EPSPs generated in the motoneurones. These
EPSPs are followed by a prolonged (1-200 msec) hyperpolarization which
does not have IPSP characteristics. Descending reflex interactions are
characterized by a prolonged monosynaptic facilitation which occurs
during this period of motoneurone hyperpolarization. It would seem likely
therefore that they utilize a system, either presynaptic or remote, that has
the ability to selectively enhance the excitability effects of group 1A
afferent terminations. The existence of such a cortically operated system
must, of necessity, presume a substantial cortical role in the reflex regula¬
tion of posture.
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INTRASPINAL EXCITABILITY CHANGES DURING C0RT1CALLY MEDIATED
DESCENDING CERVICO-LUMBAR REFLEX INTERACTIONS. Vivian C.
Abrahams, Dept. of Physiol., Queen's Univ., Kingston, Ontario
Previous experiments have shown that a prominen-
characteristic of cortically mediated descending cervico-
lumbar reflex interactions is a prolonged and selective
facilitation of lumbosacral monosynaptic reflex excitability.
Because of the selective effects on the monosynaptic refxex,
it is unlikely that a postsynaptic mechanism is responsible.
It has not proven possible to find evidence for a presynaptic
mechanism. Tests of terminal excitability in gastrocnemius
nerves have shown that there are changes after stimulation of
nerves entering the cervical cord, but these occur too lane
to explain the facilitation, and further, the changes should
lead to inhibition of the monosynaptic reflex not to a faci¬
litation. Examination of dorsal root potentials associated
with the descending interactions has also failed to provide
evidence for a presynaptic mechanism. It is concluded that
the selective facilitation of the monosynaptic reflex either
involves a remote (dendritic) or some other hitherto unex¬
plained system. (Supported by the Medical Research Council
of Canada.)
J. Physiol., 210, (1970), 175P-176P.
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Individual mechanisms activated in descending spino-spinal
activity in the chloralose anaesthetized cat
By V. C. Abrahams. Department of Physiology, Queen's University at
Kingston, Ontario, Canada
Spino-spinal activity in the chloralose anaesthetized cat is mediated via
supraspinal structures (Alvord & Fuortes, 1954; Sliimamura & Yamauchi,
1967; Devanandan, Eccles, Lewis & Stenhouse, 1969; Abrahams & Falchetto,
1969) utilizing the cerebral cortex (Adrian & Moruzzi, 1939; Ascher,
Jassik-Gerschenfeld & Buser, 1963; Abrahams, 1970). When a forepawor
•neck nerve is stimulated a discharge is recorded in the lumbosacral ventral
roots with a latency of 15-25 msec lasting 10 or 15 msec (Alvord & Fuortes,
1954). If lumbosacral reflex excitability is tested during the discharge both
monosynaptic and polysynaptic reflexes are found to be greatly poten¬
tiated. The spino-bulbo-spinal reflex (Shimamura & Livingstone, 1963) is
abolished prior to the appearance of the ventral root discharge, and remains
abolished for about 400 msec. Following the ventral root discharge, the
monosynaptic reflex remains enhanced for about a further 60 msec, but
polysynaptic reflexes are now reduced or abolished. The differential effect
on monosynaptic and polysynaptic reflexes makes it unlikely that at this
time there is a generalized increase in motoneurone excitability of the type
present during the ventral root discharge.
The selective potentiation of monosynaptic reflex excitability might be
due to a pre-synaptic mechanism. Experimental testing of this hypothesis
proves it not to be correct. Rather than the period of pre-synaptic excita¬
bility that might be expected to occur, a period of pre-synaptic inhibition
of Gp 1A fibres was found. The existence of presynaptic inhibition with a
peak 40-60 msec after stimulation was confirmed by the finding that dorsal-
root potentials are regularly recorded in lumbosacral dorsal rootlets
following cervical nerve stimulation.
Thus, at least four distinct events occur in the lumbosacral cord in
descending spino-spinal activity: (1) a period of enhanced motoneurone
excitability, presumably due to EPSP activity (Devanandan et al. 1969)
and coinciding with the ventral root discharge, (2) a period of presynaptic
inhibition of Gp 1A fibres, (3) a prolonged inhibition of spino-bulbo-spinal
activity by an unknown mechanism, and (4) a late and prolonged mono¬
synaptic reflex facilitation, also by an unknown mechanism. Each of these
events may depend on the existence of separate systems, each with a
separate intracerebral course since discrete cortical lesions lead to loss of
one or another of the four events with little or no effect upon the others.
Further, cortical lesions at some sites affect descending effects from one
particular nerve without having effect on the response to stimulation of
another nerve.
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These experiments suggest that there are a number of parallel pathways
open in the chloralose anaesthetized cat whereby effects can be exerted
on the spinal cord. These mechanisms may represent some or all of the
ways by which sensory systems can affect posture.
Supported by the Medical Research Council of Canada.
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SPINO-SPINAL MECHANISMS IN THE CHLORALOSE
ANAESTHETIZED CAT
BY V. C. ABRAHAMS
From the Department of Physiology, Queen's University,
Kingston, Ontario, Canada
{Received Id December 1970)
SUMMARY
1. In chloralose anaesthetized cats the events in the lumbosacral cord
that follow stimulation of a forepaw or neck nerve have been examined.
2. Four events take place in the lumbosacral cord after forepaw or neck
muscle nerve stimulation. These are: (1) a brief period of generalized
enhanced motoneurone excitability, (2) a prolonged and as yet unexplained
enhancement of monosynaptic reflexes, (3) a period of presynaptic inhibi¬
tion in muscle and skin afferent fibres, and (4) a prolonged inhibition of
spino-bulbo-spinal reflexes.
3. A variable and sometimes selective reduction of one or another descen¬
ding effects follows the placing of small lesions in the anterior portion of
the suprasylvian gyrus.
INTRODUCTION
The chloralose-anaesthetized cat responds reflexly to almost any form
of sensory stimulus by a characteristic jerk. Sometimes studied from a
pharmacological standpoint (Hanriot & Richet, 1893; Alvord & Fuortes,
1954; Devanandan, Eccles, Lewis & Stenhouse, 1969a, b), sometimes
mentioned as a curiosity in the course of other investigations (Adrian &
Moruzzi, 1939), the neurophysiological events underlying the phenomenon
have some unique characteristics. In particular, spino-spinal effects are
mediated by the well-known intraspinal pathways (Sherrington & Laslett,
1903; Lloyd, 1942; Lloyd & Mclntyre, 1948) but utilize pathways which
loop supraspinally and in which cerebral cortex has an important role
(Adrian & Moruzzi, 1939; Ascher, Jassik-Gershenfeld & Buser, 1963;
Devanandan et al. 1969a; Abrahams & Falchetto, 1969; Abrahams, 1970a).
In the present work some of the events that take place in the lumbosacral
cord as a consequence of activity in these looping pathways have been
examined.
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METHODS
All experiments were performed on cats anaesthetized with a single intravenous
injection of chloralose (60 mg/kg) following the induction of anaesthesia with ethyl
chloride and ether. Body temperature of the cats was controlled at or close to 38° C
by a heated table. Blood pressure and respiration were continuously monitored and
recorded. Appropriate dorsal and ventral roots of the lumbosacral area were exposed
and placed on bipolar platinum electrodes for electrical recording. Nerves of the neck,
fore and hind paws were also dissected free and placed on bipolar platinum electrodes
which were used for electrical recording and stimulation. All exposed nervous tissue
was bathed in a silicone oil (Medical Fluid 360, Dow Corning Silicone) in skin flap
baths in the usual manner. Amplification was by a.c. amplifiers including that for the
recording of dorsal root potentials (DRPs) when an over-all time constant of 1 sec
was used. Records of oscilloscope traces were made photographically.
The technique for testing the excitability of the termination of axons within the
spinal cord followed that of Wall (1958). A stainless steel or tungsten micro-electrode
(Transidyne type 415-20 or 405-20) was introduced into the spinal cord with a
micromanipulator at an angle of about 20° so that the electrode tip would ultimately
rest in the ventral horn. This was done either after section of all ventral roots on one
side of the cord from L 4 to S 2, or with all ventral roots except L 7 and S1 sectioned.
In the latter experiments the L 7 and S1 roots were dissected free and a ligature
placed round each root so that the roots might be cut during the course of the experi¬
ment.
Conduction velocities of fibres in the superficial radial and dorsal interosseus
nerves were measured by placing bipolar recording electrodes on the appropriate
branch of the brachial plexus proximal to the stimulus site. Because of the short
length and rapid conduction velocity of fibres in the biventer cervicis nerve, it was
not possible to measure conduction velocity in this way. Records were made from a
dorsal rootlet of one of the first three cervical roots at the point of cord entry either
by a fine pair of bipolar electrodes placed under the rootlet or by a stainless steel
micro-electrode just entered into the rootlet at the point of cord entry.
All brain lesions were placed using subpial suction. Positioning of the lesion was
verified by examination of sections cut from the formalin-fixed brain.
RESULTS
L 7 direct discharges and segmental reflex excitability changes
As is well known (Alvord & Fuortes, 1954; Abrahams & Falchetto,
1969; Abrahams, 1970a), stimulation of a forepaw or neck muscle nerve
in the chloralose-anaesthetized cat leads to a discharge in lumbosacral
ventral roots after a latency of 12-15 msec. The duration of this discharge
is between 8—20 msec and when segmental reflexes are tested during the
discharge both monosynaptic and polysynaptic reflexes are found to be
greatly enhanced. The monosynaptic reflex facilitation outlasts the dura¬
tion of direct discharge and may persist for a further 40-60 msec. After
the direct discharge polysynaptic reflexes are usually reduced below
control levels and may even be abolished (Fig. 1). In a small proportion of
animals the direct discharge is weak and the course of interaction in such
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experiments is somewhat different. The facilitation of polysynaptic reflexes
is minimal, although the monosynaptic reflex still shows a prolonged
period of facilitation which commences 25-30 msec after forepaw or neck
muscle nerve stimulation.
The effects on polysynaptic reflexes may be examined in reflexes elicited
by sural nerve stimulation, or by reflexes recorded from a ventral root
K. ij\_
[ 30 msec |
Fig. 1. Cat, chloralose 60 mg/kg. Effect of neck muscle nerve stimulation
on lumbosacral reflexes. A, control reflex. Effect on reflex of stimulation
ofbiventer cervicis nerve at B, 10 msec; C, 20msec; I), 30 msec; E, 40msec;
F, 50 msec; G, 80msec; H, 100 msec; I, 200 msec; <7, 300msec; K, 400
msec; L, 500 msec before the reflex. Recordings from L7 ventral root.
Reflex elicited by posterior tibial nerve stimulation.
one or more segments removed from that showing the presence of mono¬
synaptic reflexes. Typical results of such an experiment are shown in
Fig. 2. The polysynaptic reflex vanishes when the interval between con¬
ditioning and test stimulus is as brief as 10 msec. When the direct response
and the polysynaptic reflex coincide, then the response is enhanced. When
758 V. C. ABRAHAMS
the test reflex occurs late in the direct response it is weakened, and it
remains depressed for intervals up to and exceeding 70 msec.
In chloralose anaesthetized cats a third reflex is seen about 10 msec after
the end of the main polysynaptic elevation. This is the spino-bulbo-
spinal (SBS) reflex (Shimamura & Livingstone, 1963). As previously
reported (Abrahams & Falchetto, 1969), this reflex is inhibited within 10
msec of forepaw or neck muscle nerve stimulation and remains inhibited
for periods up to or exceeding 400 msec.
■ - " AaHA»i
Vn
30 msec
Fig. 2. Cat, chloralose 60 mg/kg. Effect of forepaw muscle nerve stimula¬
tion on lumbosacral polysynaptic reflex. A, response to stimulation of
sural nerve; B, response to stimulation of dorsal interosseus nerve. Effect
on reflex of stimulation of dorsal interosseus nerve at C, 10 msec; D,
20 msec; E, 30 msec; F, 40 msec; G, 50 msec; H, 70 msec before the
reflex. Note inhibition of polysynaptic reflex at short conditioning test
intervals, and its reduction at longer intervals. Records from L 7 ventral
root.
Terminal excitability in the lumbosacral cord in descending interactions
The obvious explanation of the prolonged and selective facilitation of
lumbosacral monosynaptic reflexes would be a descending presynaptic
action on group I a fibres. This hypothesis was tested in twenty cats with
the method of Wall (1958). No evidence could be found for a presynaptic
effect that could be responsible for the prolonged and selective mono-
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synaptic facilitation. On the contrary (Fig. 3), evidence has been obtained
for a period of depolarization with its peak 40-60 msec after forepaw or
neck muscle nerve stimulation. It is possible, with slight modification of
the Wall (1958) technique, to simultaneously test terminal excitability
and excitability in the orthodromic pathway. With the L7 and S1 ventral
roots intact, the electrode was placed 1-2 mm into the cord at the level of
Fig. 3. Cat, chloralose 60 mg/kg. Compound action, potentials recorded
from lateral gastrocnemius nerve after intraspinal stimulation. Ventral
roots L4-6 and S2 sectioned. Micro-electrode about 1 mm into cord at
dorsal root entry of L7. Effect of stimulation of neck muscle nerve B,
10 msec; O, 20 msec; D, 25 msec; E, 30 msec; F, 40 msec; G, 50 msec;
H, 60 msec before intraspinal stimulation.
dorsal root entry and stimulus strength was adjusted so that the compound
action potential recorded on the gastrocnemius nerve showed two eleva¬
tions. With the electrode about 2 mm into the cord the second elevation
may be quite small. When the electrode is advanced into the ventral horn,
the two elevations are approximately equal (Figs. 3 and 4). The effects of
forepaw or neck muscle nerve stimulation were then tested. At the time
that the direct response appears on the ventral root, increase in the second
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elevation can be seen coincident with the appearance of the direct res¬
ponse (Fig. 3). The early elevation was unaltered at this time, but when the
conditioning interval exceeded 40 msec and when the late elevation had
returned to normal, the early elevation was enhanced. The early wave is
due to antidromic conduction and the late wave due to conduction in the
orthodromic pathway, for, following section of the remaining L 7 and S 1
ventral roots, the early elevation remains intact but the late elevation is
lost (Fig. 4).
Fig. 4. Cat, chloralose 60 mg/kg. Potentials recorded from lateral gastro¬
cnemius nerve following intraspinal stimulation. Electrode in ventral
horn. Top, control stimuli. Bottom, intraspinal stimulation preceded by
stimulus to neck muscle nerve (30 msec). Residual ventral roots (L7 and
S1) cut at arrow.
These experiments show that forepaw or neck muscle nerve stimulation
leads to an increase in excitability in the orthodromic pathway but this is
both early and brief and could be either in motoneurones or interneurones.
The experiments also show that there are changes in group la terminal
excitability following stimulation of forepaw or neck muscle nerves,
changes which occur at the time when the prolonged monosynaptic
facilitation is present. The changes are in the wrong direction, however,
and signal the presence of a period of presynaptic inhibition which should
signal a reduction in the monosynaptic reflex, not a facilitation.
Although not immediately relevant to studies of the origin of mono¬
synaptic reflex facilitation, the terminal excitability of cutaneous afferents
was also tested in the same experiments by recording from the sural nerve.
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The effects of the descending system were found to vary among different
cutaneous fibre groups. Further, there were differences in the responses
elicited by forequarter muscle or skin nerve stimulation. Terminal depolari¬
zation in the fastest cutaneous fibres (velocity 60 m/sec) was found as a
late response to forepaw nerve stimulation and persisted for up to 120 msec.
Such changes were least easily elicited from stimulation of a mixed nerve
(but largely cutaneous nerve) such as the superficial radial and were most
1 U I J A i
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Fig. 5. Cat, chloralose 60 mg/kg. Compound action potentials recorded
from sural nerve after intraspinal stimulation. Ventral roots L4 to S2
sectioned. Left panels, control potentials. Middle panels, intraspinal
stimulation 30 msec after forequarter nerve stimulation. Right panel,
intraspinal stimulation 40 msec after forequarter nerve stimulation. Top
records, superficial radial nerve stimulated; middle panel, dorsal interos-
seus nerve stimulated; bottom panel, biventer cervicis nerve stimulated.
prominent when muscle nerves such as the dorsal interosseus or biventer
3ervicis were stimulated. When terminal excitability of the slow fibres
(15-20 m/sec) was examined there was a period of afferent hyperpolariza-
tion, first evident 20-30 msec after a conditioning stimulus and with a
duration of 100 msec. This was more readily seen following neck muscle
lerve stimulation (Fig. 5).
Dorsal root potentials
The appearance of dorsal root potentials is associated with primary
liferent depolarization (presynaptic inhibition) in the spinal cord (Eccles,
Vlagni & Willis, 1962). If the changes in terminal excitability that were
:ound in hind leg group la fibres after forepaw nerve stimulation were
lue to presynaptic inhibition, they should be accompanied by the appear-
mce of dorsal root potentials. In more than thirty experiments such
potentials have been consistently recorded from lumbosacral roots after
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forepaw or neck muscle nerve stimulation (Fig. 6). The paradoxical rela
tionship between segmental reflex excitability and terminal excitability i
detailed in Fig. 6. It can be seen that at a time when Group la fibres ar
apparently inhibited the monosynaptic reflex is still considerably enhanced
The dorsal root potentials recorded on an L 7 and S1 rootlet and whic'
follow forepaw nerve stimulation are of long latency, ranging from 25 t
jU.
Fig. 6. Cat, chloralose 60 mg/kg. Simultaneous recording of dorsal root
potentials and lumbosacral reflexes. Top left, response to posterior tibial
nerve stimulation. Top right, response to dorsal interosseus nerve stimula¬
tion. Effect of dorsal interosseus nerve stimulation on reflex A, 20 msec;
B, 30 msec; C, 40 msec; D, 50msec before reflex. Note time bar represents
12-5 msec for lower (reflex) records, and 50 msec for upper (DRP) records.
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40 msec and have their peak some 20 msec or so later. Customarily they
have a duration of about 150 msec. They consist only of a long negative
nerve DR V (Lloyd & Mclntyre, 1949). Following the elicitation of a
dorsal root potential from forepaw nerve stimulation, no dorsal root
potential can be obtained from stimulation of a hind leg nerve for 2—
400 msec and vice versa. The early components of a dorsal root potential
elicited from hind leg nerve stimulation DRPs I—IV (Lloyd & Mclntyre,
1949) may also be reduced by prior stimulation of a forequarter nerve.
Conduction velocity of fibre groups in forepaw nerves
initiating cervico-lumbar reflex interactions
In seven experiments the conduction velocities of the fibre groups in
the dorsal interosseus, superficial radial and biventer cervicis that initiated
descending interactions were measured. In both skin and muscle nerves it
was found that descending effects including SBS loss, direct response,
reflex interaction and DRP are present at threshold when only the most
rapidly conducting fibres were excited. In the biventer cervicis nerve these
fibres conduct at 110-150 m/sec, in dorsal interosseus 90-140 m/sec, and
in the superficial radial nerve 80-140 m/sec. As stimulus strength was
increased to activate fibres conducting at 50-70 m/sec, the strength of the
descending effects increased to a maximum.
Effects of restricted cortical lesions on descending spinospinal interactions
Evidence has been obtained that the effects of restricted lesions of the
frontal cortex are exerted unequally on differing spinal mechanisms.
Lesions were made in fourteen cats in the anterior pole of the contralateral
suprasylvian and ectosylvian gyrus. Lesions in the region of the anterior
syprasylvian gyrus always had some effect on descending effects exerted on
the lumbosacral cord. The inhibition of the SBS reflex and monosynaptic
reflex facilitation was most readily affected by a small cortical lesion and
these effects were almost invariably reduced or abolished by such a lesion.
The direct discharge over the ventral roots and its associated brief facili¬
tation of both monosynaptic and polysynaptic reflexes was less affected
and may persist even though the later prolonged monosynaptic facilita¬
tion was lost. The direct discharge following superficial radial nerve stimula¬
tion was least affected by cortical lesions, and often persisted after loss of
interactions and direct discharges following biventer cervicis and dorsal
interosseus stimulation. The dorsal root potential, although often reduced
by cortical lesions, was only rarely abolished. All these effects were associ¬
ated onlywith damage to the anterior pole of the suprasylvian gyrus. Lesions
of similar size placed more posteriorly in the ectosylvian gyrus were without
effect on interactions, direct discharges or dorsal root potentials.
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DISCUSSION
In the cat anaesthetized with chloralose, spino-spinal interactions are
dependent upon pathways that loop supra-spinally (Adrian & Moruzzi,
1939; Alvord & Fuortes, 1954; Devanandan et al. 19696; Abrahams &
Falchetto, 1969). The anatomical details of the looping pathway are not
known, although there is strong evidence of involvement of the cerebral
cortex. Adrian & Moruzzi (1939) found that ablation of the motor cortex
eliminated the pyramidal tract discharge that normally follows skin
stimulation. Evidence for cortical involvement was also found in an
examination of descending spino-spinal systems originating in neck muscle
nerves (Abrahams & Falchetto, 1969). In the latter experiments it was
found that lesions of the anterior pole of the suprasylvian gyrus, a cortical
area receiving input from neck muscles (Landgren & Silfvenius, 1968),
abolished descending interactions in acute experiments (Abrahams, 1970a).
The interactions are not irreversibly abolished and can be demonstrated in
animals several days after the placing of a lesion on the anterior supra¬
sylvian gyrus at aseptic operation (Abrahams, 1970&).
The cerebral cortex seems able to exert a powerful modulating effect on
descending spino-spinal systems, but the cerebral cortex does not appear to
be the essential link in an anatomical pathway. In experiments on the role
of the cerebral cortex in spinal discharge following sensory stimulus,
Ascher et al. (1963) found that electrical or chemical stimulation of the
appropriate cortical receiving area enhanced the spinal ventral root dis¬
charge that follows sensory stimulus. They also found that the topical
application of KC1 to the appropriate receiving region abolished the
ventral root discharge. Despite the loss of response after KC1 depression
of the cortex, Ascher et al. (1963) regard the cortical role as a modulator for
they were still able to demonstrate ventral root discharges following abla¬
tion of appropriate cortical receiving areas. Further, Buser, St Laurent &
Menini (1966) found ventral root discharges following click stimulation to
survive removal of the whole neocortex. Our experiments constitute an
extension of the findings of Ascher et al. (1963) and Buser et al. (1966) in
that they demonstrate that areas of the cortex are involved in descending
spino-spinal interactions. It is also apparent that individual components of
the descending interactions may be dependent on the integrity of different
cortical areas.
The present experiments, however, have been less concerned with the
details of the pathways involved than with the nature of the events that
take place in the lumbosacral cord following skin or muscle nerve stimula¬
tion in the forequarters. The existence of the chloralose jerk and its
electrical analogue, the ventral root discharge, is well known and the intra-
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cellular studies of Devanandan et al. (1969a, b) leave little doubt that this
discharge is associated with a brief period of EPSP activity in lumbosacral
motoneurones. The present experiments have amply confirmed the in¬
creased excitability that occurs in this period. A generalized increase in
motoneurone excitability could presumably explain the simultaneous
facilitation of monosynaptic and polysynaptic reflexes that is seen during
the ventral root discharge. The prolonged period of monosynaptic reflex
excitability that follows the direct discharge (Alvord & Puortes, 1954;
Abrahams & Falchetto, 1969) is less readily explained. The present experi¬
ments fail to show any heightened motoneurone excitability at this time,
and indeed the experiments of Devanandan et al. (1969a) suggest that the
reverse happens, for they report that a prolonged period of motoneurone
hyperpolarization with decreased synaptic activity follows the EPSP
activity. The selective and prolonged monosynaptic reflex facilitation can¬
not be explained by a period of pre-synaptic hyper-excitability of group
la fibre terminals. At the time of the prolonged monosynaptic reflex
facilitation, evidence from experiments on terminal excitability and from
the recording of dorsal root potentials demonstrate a period of terminal
depolarization and thus a period of presynaptic inhibition.
Perhaps the simplest explanation of the selective facilitation of the
monosynaptic reflex comes from the hypothesis of Frank (1959) and which
suggests that a remote (dendritic) facilitation may occur on the dendrite.
It seems well established that the majority of synapses including those of
Group 1 A fibres are not on the motoneurone soma, but are on the moto¬
neurone dendrites (Terzuolo & Llinas, 1965). It is quite possible that
descending fibre terminations lie in close proximity to the la dendritic
terminals and by a local membrane action can modulate the synaptic
action of the la terminal. This could readily explain the enhanced
monosynaptic reflex at a time when the motoneurone is not exhibiting
enhanced exictability and the presynaptic fibre is inhibited. It might be
expected that the existence of such a system should manifest itself by
increased dendritic excitability and thus by increased activity in the
orthodromic pathway during intraspinal stimulation. This has not been
seen but this too is not unexpected. The dendritic fibres of lumbo-sacral
motoneurones are dispersed freely through the cord (Sprague & Ha, 1964).
The passage of a current through the stimulating micro-electrode, large
enough to excite an appreciable population ofdendrites, will simultaneously
excite a large population of motoneurones. Activity originating in the
dendrites could be masked and thus preclude the ability to distinguish
activation of dendritic origin.
No attempt has been made in the present series of experiments to
analyse the prolonged inhibition of the SBS reflex, although the existence
766 V. C. ABRAHAMS
of such prolonged effects emphasizes another property of the nervous
system of the cat anaesthetized with chloralose. It is a characteristic that
responses to sensory stimulation are reduced or eliminated when the
stimulus is repeated at brief intervals (Alvord & Fuortes, 1954). The effects
on the SBS reflex are in this category and it seems likely that in the cat
anaesthetized with chloralose powerful inhibitory systems may be acti¬
vated by sensory stimuli. The nature of the operation of these systems
should itself be of considerable physiological interest.
The present findings suggest that consequences of stimulus application
to a cat anaesthetized with chloralose are the near simultaneous activa¬
tion of a number of what may be independent systems, all with different
actions within the spinal cord. There has been some previous attempts to
give these phenomena a functional interpretation. Alvord & Fuortes (1954)
thought that the mechanism of the chloralose jerk might have some rela¬
tionship to the mechanisms of the startle reaction. However, it seems
likely that following almost any sensory stimulus that the same events
take place in the spinal cord, the only obvious differences that occur being
in the detail of the timing and the magnitude of the response. Ascher et al.
(1963) found essentially the same sequence of events in the lumbosacral
cord following visual, auditory and cutaneous stimulation. Recently
we have found that vestibular nerve stimulation (Abrahams, 1971)
leads to a sequence of events in the lumbosacral cord that closely
parallels the events that follow stimulation of a forepaw nerve.
It seems likely then that the nervous system of the cat anaesthetized
with chloralose is one in which all spinal mechanisms that can be activated
by sensory stimulation are nearly simultaneously activated. The response
to sensory stimulation is neither appropriate nor graded and normally
appears as the well known 'chloralose jerk'. These findings underline the
easy access to motor systems that all sensory systems must have, for all
sensory systems are inevitably concerned with posture and with movement.
Presumably when the response is appropriate and graded it may involve
all or only one of the systems described here to an appropriate extent.
Direct access to motoneurones (as evidenced by the ventral root discharge)
is obviously essential for the direct control of movement. The ability to
initiate prolonged periods of inhibition of one or another system is also an
obvious asset to the system for it enables irrelevant reflexes to be tem¬
porarily suspended. Access to presynaptic or remote systems offers a
discrete method of manipulation of individual spinal reflexes, and by
specifically being able to manipulate the monosynaptic reflex. It is easy
for the body to be stabilized against load fluctuations. The chloralose-
anaesthetized animal reveals the existence of a wide range of neuro-
physiological substrate, which is perhaps the potential armentarium to
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sensory inputs whereby they can manipulate the mechanism of posture and
movement.
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Some effects on vestibulo-spinal outflow at lumbosacral' levels
from neck muscle afferents
By V. C. Abrahams. Department of Physiology, Queen''s University at
Kingston, Ontario, Canada
In the decerebrate cat a motor discharge is initiated at all levels of the
spinal cord by stimulation of the vestibular nerve (Gcrnandt, Irauyi &
Livingston, 1959). Head ventroflex ion strongly inhibits the vestibular
induced discharge at cervical levels but only weakly affects discharge at
lumbosacral levels (Gcrnandt & Oilman, 1959). This inhibiting effect of
head position was attributed to the activation of receptors in the dorsal
muscles of the neck. Descending effects from affcrents from the dorsal
muscles of the neck on the lumbosacral cord were found to be powerful
in the cat anaesthetized with chloralosc, but absent in the spinal or decere¬
brate cat (Abrahams & Falchctto, 19G9; Abrahams, 1970a). Presumably,
this is because descending spinal effects from neck muscle affcrents are
dependent on the integrity of supratentorial structures. In particular they
arc dependent on the integrity of regions of the cerebral cortex in the
anterior pole of the suprasylvian gyrus which receive input from neck
muscle proprioceptors (Landgren & Sylfvenius, 19GS; Abrahams, 1970a).
It now seems apparent that in common with other descending effects
from neck muscle nerves, supratentorial structures are necessary for neck
muscle afferents to affect vcstibulo-spinal output at lumbosacral levels.
In the chloralose-anaesthetized cat, stimulation of the cut central end of
the nerve to the neck muscle, biventer cervicis, inhibits vestibulo-spinal
output in L7 and Si ventral roots for 200-400 msec. Stimulation of the
vestibular nerve in the chloralose-anaesthetized cat also leads to a cycle of
presynaptic and post-synaptic excitability changes in the lumbosacral cord
resembling those that follow stimulation of skin and muscle nerves
entering the cervical cord (Alvord & Fuortes, 1954; Abrahams, 19706).
Decerebration abolishes the ability of neck muscle nerves to affect
lumbosacral outflow and reduces or abolishes the effects of vestibular
nerve stimulation on lumbosacral excitability.
Neck muscle effects on vestibulo-spinal outflow are unlikely to be
dependent on the same cortical areas that are involved in other descending
effects from neck muscles (Abrahams, 1970a). In six out of eight experi¬
ments the prolonged inhibition of vcstibulo-spinal outflow which follows
neck musclo nerve stimulation not only survived excision of the contra-,
lateral anterior pole of the suprasylvian gyrus, but also survived excision
of the neighbouring region of the ectosylvian gyrus which receives input
from vestibular nerves (Walzl & Mountcastlo, 1949; Landgren, Silfvenius
& Wolsk, 19G76). It is concluded that neck muscle afferents can affect
vestibulo-spinal output at lumbosacral as well as at cervical levels. For these
effects to be readily demonstrated, supratentorial structures are necessary.
Supported by grants from tlio Modical Rosoarch Council of Canada.
references
Abrahams, V. C. (1970a). J. Physiol. 209, 45-56.
Abrahams, V. C. (19706). J. Physiol. 210, 175-176P.
Abrahams, V. C. & Falchetto, S. (1969). J. Physiol. 203, 435-447.
Alvord, E. C. & Fuortes, M. G. F. (1954). Am. J. Physiol. 176, 253-261.
Gernandt, B. E. & Gilman, S. (1959). Expl Neurol. 1, 274-304.
Gernandt, B. E., Iranyi, M. & Livingston, 11. B. (1959). Expl Neurol. 1, 248-273.
Landgren, S. & Silfvenius, H. (1968). Acta physiol. scand. 74, 340-347.
Landgren, S., Silfvenius, H. & Wolsk, D. (1967). J. Physiol. 191, 561-573.
Walzl, E. M. & Mountcastle, V. B. (1949). Am. J. Physiol. 159, 595.
Can. Fed. Biol. Soc. , 15, (1972), #732.
732
P. K. ROSE* and V. C. ABRAHAMS. Department of
Physiology, Queen's University, Kingston, Ont.
Some characteristics of the neck muscle
proprioceptive input to the superior collicull
of the cat.
There is an accumulation of evidence
pointing to a central role of the superior
colliculi in the organisation of head and eye
movements. Such movements are based on an
ordered output which goes first to the muscles
that move the head and then to the extraocular
muscles. For such an output to be accurately
generated .information must be available as to
the position of the head with respect to the
trunk. We have now demonstrated that such
information is relayed to the superior colli¬
culi. Of 102 cells examined, 60 were fired by
stimulation of the neck muscle nerve, biventer
cervicis. Many of these cells (U7%) also
received visual input. Measurement of con¬
duction velocity shows that the fibres pro¬
jecting to the superior colliculi conduct at
U0 m/sec, identifying them as Group II. This
indicates that the superior colliculus is
provided with a continuous flow of information
giving the length of neck muscles. Such
information gives the position of the head
with respect to the trunk ar.i would be of
prime importance In ensuring that an appro¬
priate output is generated for the production
of any movement of head and eyes.
(Support by MRC Is gratefully acknowledged.)
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Some characteristics of the neck muscle
proprioceptive input to the superior collicull
of the cat.
There is an accumulation of evidence
pointing to a central role of the superior
colliculi in the organisation of head and eye
movements. Such movements are based on an
ordered output which goes first to the muscles
that move the head and then to the extraocular
muscles. For such an output to be accurately
generated,information must be available as to
the position of the head with respect to the
trunk. We have now demonstrated that such
information is relayed to the superior colli¬
culi. Of 102 cells examined, 60 were fired by
stimulation of the neck muscle nerve, biventer
cervicis. Many of these cells (47%) also
received visual input. Measurement of con¬
duction velocity shows that the fibres pro¬
jecting to the superior colliculi conduct at
40 n/sec, identifying them as Gix>up II. This
indicates that the superior colliculus is
provided with a continuous flow of information
giving the length of neck muscles. Such
information gives the position of the head
with respect to the trunk and would be of
prime importance in ensuring that an appro¬
priate output is generated for the production
of any movement of head and eye3.
(Support by MRC i3 gratefully acknowledged.)
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Queen's University, Kingston, Ontario, Canada,
Site of fixation in the spinal cord of the cat.
Fixation may be defined as a semi-permanent
functional assymetry induced in the spinal
cord and which persists in the .surgically
isolated cord. The phenomenon has been
previously described in rats and guinea pig3
following unilateral labyrinthectomy or
ablation of one lateral cerebellar hemisphere.
We have now demonstrated the phenomenon in the
isolated spinal cord of the cat 6 to 8 weeks
after unilateral labyrinthectomy. The pheno¬
menon may range from a frank curvature of the
trunk with one limb rigidly extended and one
flexed to a less evident unilateral mild
extension of one hind limb. Preliminary
experiments on the mechanisms underlying
fixation have tended to rule out the gamma
motor system from playing a major role, and no
change in mctoneurone excitability has been
found. It is therefore postulated that fix¬
ation is due to a prolonged change of inter-
neurones such that extensor and flexor moto-
neurones are differentially activated.
(Supported by the HRC)
Fed. Proc., 31, #929, 1972, 383.
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PROPRIOCEPTIVE CONNECTIONS TO THE SUPERIOR COLLICULI OF THE
CAT. V. C. Abrahams and ?. K. Rose*. Department of Physiology,
Queen's University, Kingston, Ontario, Canada.
The superior colliculi play a major role in the organi¬
sation of head and eye movement in the cat. Such movements
must be integrated with other body movements and we new
postulate that this integrating function takes place in the
superior colliculi. We have found that.the superior
colliculi receive abundant proprioceptive connection. In
cats anaesthetised with chloralose or pentobarbitone ^0h of
the units sampled in the superior colliculi received both
visual and proprioceptive input, and of the remainder, half
were activated by proprioceptors alone and half by visual
stimulation only. All units responding to proprioceptive
stimulation were activated by neck muscle proprioceptors.
Hany units were activated from, the hind legs. The superior
colliculi therefore constitute a major projection for
proprioceptive systems. This projection may provide the
sensory input necessary for the postural adjustments which
ray be necessitated by or accompany movement of the head and
eyes. (Supported by the Medical Research Council of Canada.)
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NECK MUSCLE PROPRIOCEPTORS
AND A ROLE OF THE CEREBRAL CORTEX
IN POSTURAL REFLEXES IN SUBPRIMATES1
Vivian C. Abrahams
Department of Physiology, Faculty of Medicine
Queen's University, Kingston, Ontario
ABSTRACT — It lias been found that section of the nerve to a neck extensor
muscle may lead to profound disturbances of gait. In attempting to find the origin
of this phenomenon descending spino-spinal systems have been found which may be
dependant on supra-tentorial loops and which involve the cerebral cortex in the
anterior suprasylvian gyrus.
Iu the last ten years there has been
an obvious shift away from older con¬
cepts of the regulation of posture.
Originally formed by the experiments
of Sherrington, Magnus, De Kleijn,
Rademaker and their colleagues in the
early part of the century, the dominant
concept was of a system consisting of
"an equilibrium of reflexes". This
description was applied by Jung and
Ilassler<3SI who also pointed out, the
"... conception (sic) that normal bo¬
dy posture is the result of an equili¬
brium of reflexes is certainly too nar¬
row and its experimental basis obtained
by brain-stem transection at different
levels in rabbits seems insecure. ... Mag¬
nus overrates the reflex conception of
peripheral regulation mechanisms from
labyrinthine and muscular receptors
and neglects the spontaneous innate
co-ordinate activity of the cerebral
system ...". Much recent work on pos¬
ture has been concerned with an anal¬
ysis of the intracerebral connections
and functions that could be labelled
"innate co-ordinate processes". Work
has revealed a neurophysiological sub¬
strate with infinitely more complex
interconnections and interactions than
could have been imagined in the early
part of this century. For a brief sum¬
mary of present work the proceedings
of the meeting at Seton College in
1968(21) are worth reading. The experi¬
ments described here may seem to be
regressive, for they were initially re¬
lated to the older concepts of reflex
regulation of posture. However, the
experiments may have some relevance
in the interpretation of the role played
by the cerebral cortex in the regulation
of posture.
In the "equilibrium of reflexes"
that Jung and Ilassler<35) have de¬
scribed were a class of reflexes that
were thought due to activity in neck
proprioceptors. De Kleijn(20) demon¬
strated that in the decerebrate animal,
movement of the neck alone could elicit
a characteristic set of postural reflexes.
These reflexes were labelled "tonic
neck reflexes", and were shown to be
independent and separate from the
labyrinthine reflexes. Although it was
recognized that the receptors initiating
these reflexes sent fibres into the spinal
cord in the upper cervical roots, the
nature and location of the receptors




remained unknown until 1951. Then
McCouch, Deering and Ling'43', in
experiments to locate the receptors
were able to exclude muscle receptors
from playing a role, for they found
that section of the muscle mass of the
neck did not abolish tonic neck reflexes.
They ultimately identified the recep¬
tive site as lying in vertebral structures,
for they found that section of a small
branch of the upper cervical dorsal
roots serving the vertebrae, abolished
tonic neck reflexes. Although these ex¬
periments seemed to finally locate the
position of receptors underlying tonic
neck receptors, they also raised a new
question, for proprioceptors are densely
distributed in neck muscles'591. There
is also a long history of experiments
and clinical observations which show
that damage to neck muscles can lead
to disorders of posture which cannot
be due simply to loss of contractile
function in those muscles. Much of
this literature was summarised last
year by Biemond and De Jong'19'. In
1845 Longet'43' reported that deficits
of gait followed interference with neck
muscles. The disorder resembled cere¬
bellar ataxia and was observed in a
wide range of species including dogs,
eats, rabbits, horses and copybaras. A
little later, Claude Bernard'17' de¬
scribed an accident which led to sim¬
ilar findings to those of Longet. Ac¬
cording to Bernard'17' "Magendie once
made investigations on the uses of the
cerebrospinal fluid and was led to the
conclusion that removing this fluid
produces a kind of t'tubation in ani¬
mals and a characteristic disturbance
in their motions. Indeed, after uncov¬
ering the oeeipito-atloidian membrane,
if we pierce it to let the cerebrospinal
fluid run out, we notice that the ani¬
mal is seized with peculiar motor dis¬
turbances. Apparently nothing could
be simpler or more natural than the
influence on their motions of removal
of the cerebrospinal fluid; yet this was
an error, and Magendie told me how
another experimenter chanced to find
it. After cutting the neck muscles, this
experimenter was interrupted in his
experiment at the moment when he had
just laid bare the occipito-atloidian
membrane. Now when he came back,
to go on with his experiment, he saw
that the simple preliminary operation
had produced the same titubation,
though the cephalorachidian fluid had
not been removed. What was merely
the result of severing the neck muscles
had therefore been attributed to re¬
moval of the cerebrospinal fluid".
Bernard'17' cited this experiment pri¬
marily to draw attention to the need
for proper controls in experimentation.
However the strange phenomenon of
ataxia following neck muscle damage
itself warrants careful examination and
it is this phenomenon which led to the
experiments reported here.
The existence of a generalised
ataxia following damage to neck mus¬
cles was not only seen in animals, but
there are occasional clinical reports
spread over many years. Reference was
made to a syndrome called cervical
nystagmus and to one called cervical
ataxia(15,25,02'. The origin of both of
these phenomena is still in considerable
doubt and has only received occasional
laboratory investigation. In one set of
experiments Cohen'24' investigated the
effects of infiltration of the upper
three cervical dorsal roots of monkeys
with local anaesthesia. The effects of
this were profound and the monkeys
walked with an unsteadiness like a very
drunken man. The monkey were unable
to locate points in space, and they
showed severe disorientation and im¬
balance. particularly when walking. In
the rabbit, a prominent feature of in¬
terference with neck structures was
found to be a nystagmus. Biemond and
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De Jong<19), were able to exclude skin
receptors from playing a role in the
origin of the nystagmus, but found
that nystagmus was readily provoked
by the injection of procaine into the
muscle mass of the neck. In further
experiments to locate receptor sites
they unilaterally denervated the neck
and this led to a wide range of postural
disorders. Their experiments reinforce
the fact that the integrity of neck
muscle structures is essential to the
maintenance of normal posture. In
some way, the nervous system deprived
of this information is no longer able
to regulate posture in a normal co¬
ordinated fashion, and in particular
there is a severe deficit of the normal
mechanisms of oculomotor control.
Our involvement and our own ex¬
periments in this field originated with
some entirely fortuitous observations.
Dr. Falchetto and I were engaged in
a systematic analysis of sensory relays
to the superior colliculi. In the course
of this we discovered a rich proprio¬
ceptive relay from the dorsal muscles
of the neck to the superior colliculi<3).
At about the same time, Sprague and
Meikle*57' reported that bilateral le¬
sions of the superior colliculi of the
cat led to deficits of head position.
These deficits were quite unusual, and
included a loss of the ability to elevate
the head. AVe began to wonder if these
two sets of findings were in any way
related, whether the superior collieulus,
long regarded as essential to the "vis¬
ual grasp reflex'"34', had a wider i-ole
in the regulation of head position.
METHODS
All experiments were performed on cats.
When electrical recording was employed anaes¬
thesia was maintained with cliloralose (CO
fflg/kg. i. v. after induction with ether.
For the purposes of aseptic operation, or to
maintain anaesthesia whilst decerebrating or
making a spinal section, Metofane (Pitman-
Moore) was employed. All reflexes were rec¬
orded electrically in conventional fashion,
although averaging of 25 consecutive reflexes
was used in searching for small differences.
Histological controls were used to determine
the extent of cortical lesions.
RESULTS
Information about the location of
the motoneurones of neck muscles was
sought by sectioning the biventer cer-
vicis nerve, at aseptic operation with
the intention of examining the spinal
cord for retrograde degeneration. As
was expected, the operation led to a
defect of upward head movement, but
in addition (not being aware of the
relevant literature), many of the op¬
erated animals also showed gross defi¬
cits of posture, particularly affecting
the hind legs. This was not due to
such obvious factors as the after effects
of anaesthesia. Animals given sham
operations in which the biventer cer-
vicis nerves were exposed and mani¬
pulated, but not cut, had no ataxia.
On systematic study<4) it was found
that a range of defects of gait were
common among cats following biventer
eervicis nerve section. After nerve sec¬
tion one third of the animals had such
a severe deficit that they resemble cats
after bilateral labyrinthectomy'23'.
Immediately following operation these
animals were relatively immobile. If
persuaded to stand, they did so on a
wide base with the hind legs spread
particularly wide apart (Fig. 1). Any
attempt to walk or run led to a fall.
This phase of acute disorder lasted 3
or 4 days. Thereafter the animals be¬
come more active and began to walk
although in very unsteady fashion with
frequent falls, particularly when at¬
tempting to turn. The locomotor de¬
fects slowly disappeared, so that 21
days after operation the animals no
longer had any obvious defect. How-
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Fig. 1 : Posture of cat 3 clays following uni¬
lateral section of nerves to biventer cervicis.
Xote wide separation of hind legs.
ever, even at this time, if an animal
jumped or tried to execute a rapid
movement, the task was done badly,
and the animal frequently fell.
Another third of the animals sub¬
jected to section of the biventer cervicis
nerves, although grossly affected, had
less severe defects than the group just
described. This second group was quite
mobile immediately after operation,
but there were obvious abnormalities
of gait. The hind legs were moved with
a wide sweeping motion and the cats
would often fall when trying to turn.
These deficits cleared up rapidly, and
within 5 to 7 days of operation the
only obvious defect was an instability
when turning. In neither of these
groups was it possible to show any in¬
terference with reflexes that are usual¬
ly associated with neck afferents. High
speed cinematography showed that re¬
flex righting reflexes'44' were unaf¬
fected by the nerve section. It was com¬
monly observed that on landing from
a fall animals were graceless, and quite
uncoordinated.
The remaining one third of the
animals subjected to unilateral section
of the biventer cervicis nerve were
little affected by the operation and
only had the slight interference with
upward head movement, which was
common to all the operated animals.
Just as nystagmus may be produced
in rabbits by the injection of local
anaesthetic into the muscles of the
neck'19', so may the locomotor effects
of biventer cervicis nerve section be
readily reproduced by injections of
local anaesthetic into neck muscles.
One ml of Xylocaine injected unila¬
terally into biventer cervicis imme¬
diately leads to a gross defect of gait
with a marked ataxia and difficulty in
turning. At no time has the injection
produced a recognizable nystagmus in
the cat, nor has biventer cervicis nerve
section.
"What mechanisms might explain
these deficits ? The experiments of
McCoueh et a/.'43' seem to eliminate
any possible role for neck muscle re¬
ceptors in tonic neck reflexes. Yet
Gernandt and Gil man in 1959 and
1961'32-33', in the course of experi¬
ments on the vestibulo-spinal output,
showed that altering head position
could modulate the output from the
cord at cervical levels following stim¬
ulation of vestibular nuclei. In an at¬
tempt to locate the receptors involved,
Gilman and Gernandt'32' found that
squeezing dorsal neck muscles affected
vestibular output, but squeezing the
skin of the neck or muscles other than
neck muscles was without effect. It was
therefore suggested that receptors in
neck muscles coidd affect vestibulo¬
spinal output. However, in these and
later experiments on neck position and
outflow from the cerebral cortex'33',
they found that neck position, whilst
having a strong effect on output at
cervical levels, had only a weak effect
on lumbosacral output. Another in¬
stance in which neck position affects
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Fig. 2 : Cat. Chloralose CO mg/kg. Effect of conditioning slioek to biventer cervicis nerve
on segmental and spino-bulbo-spinal reflexes. Posterior tibial nerve stimulated. Reflex re¬
corded from L7 ventral root. Time marker 1 msec. A, control; B, 30 msec interval; C, 100 msec
interval; I), 130 msec interval; E, 150 msec interval; F, 170 msec interval.
cord output Avas demonstrated by
Shimamura and Akert(35> Avho found
liead position to affect tlie amplitude
of the SBS reflex<33>.
If we are to understand why section
of neek muscle nerves had such pro¬
found effects on the hind legs we must
know something about descending pro-
priospinal systems taking origin in
neck muscle nerves. Intraspinal des¬
cending propriospiual systems have
been known since the experiments of
Sherrington and Laslett,34) and a de¬
tailed analysis of these intraspinal sys¬
tems was made by Lloyd<41) and by
Lloyd and Maclntyre'421. Their experi¬
ments showed that in the isolated
spinal cord there is a descending sys¬
tem with patterned effects exerted
unevenly on flexor and extensor
muscles of the hind legs. Further the
nature of the descending effects de¬
pend on whether a forelimb skin or
muscle nerve was stimulated. In 10
spinal cats prepared under Metofane,
Ave sought evidence for the existence
of a similar descending spinal system
taking origin in the nerves of the bi-
venter cervicis muscle. In these pre¬
parations there was little difficulty in
reproducing the results of Lloyd(41)
and Lloyd and Maclntyre<42) and
demonstrating patterned effects fol-
loAving forepavv nerve stimulation, but
it proved impossible to elicit any
effects at lumbosacral le\-el from stim¬
ulation of biventer cervicis nei-A-e.
It is Avell knoAvn hoAvever, that in
preparations Avith supraspinal struc¬
tures present and in particular under
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Fig. 3 : Decerebrate eat. Reflexes recorded from L7 ventral root following stimulation of
PT nerve. Eacli record average of 25 consecutive reflexes. A, control reflex; B, reflex pre¬
ceded by BC nerve stimulation; C, reflex preceded by DI nerve stimulation; D, reflex
preceded by SB stimulation. Conditioning interval, 30 msec.
chloralose anaesthesia, that descend¬
ing spinospinal systems exist which
utilize supraspinal structures<3-6,27-55).
In such preparations stimulation of
forepaw nerves leads to a discharge in
lumbosacral ventral roots after about
20 msec. This discharge lasts for 8-20
msec and has an amplitude of 1-200 uv
and segmental reflex excitability goes
through a characteristic cycle during
and after such stimulation. In chlor¬
alose anaesthetised cats we had no dif¬
ficulty in showing that effects similar
to those obtained from forepaw nerves
follow biventer cervicis nerve stim¬
ulation. Stimulation leads to a dis¬
charge over the ventral roots with a
latency of 15-25 msec a duration of
8-20 msec, and an amplitude of about
1-200 uv. Biventer cervicis nerve stim¬
ulation affects lumbosacral reflex
excitability (Pig. 2). The SBS re-
f]ex(r.«) vvhich is prominent in chlor¬
alose anaesthetized cats is suppressed
within 10 msec and remains suppressed
for 300-400 msecs. When the interval
between biventer cervicis nerve stim¬
ulation and the elieitation of segmen¬
tal reflexes was such that the segmen¬
tal reflex occurs during the ventral
root discharge, both monosynaptic and
polysynaptic reflex excitability was
substantially enhanced. When the in¬
terval was extended to 40 or 50 msec
the monosynaptic reflex usually con¬
tinued grossly facilitated but the poly¬
synaptic reflex was reduced below
control levels or abolished. This selec¬
tive facilitation of monosynaptic reflex
excitability continued until the condi¬
tioning-test interval was about 100
msec. Then both monosynaptic reflex
and the polysynaptic reflex continue
depressed for a further 100 msec or so.
Thereafter the reflex excitability re¬
turn to control levels.
These experiments provided clear
evidence that proprioceptive input
from neck muscles could affect lum¬
bosacral reflex excitability and that
the presence of supraspinal structures
is essential for these effects to be de¬
monstrated. It was easy to show that
these structures lie supratentorially.
Cats anaesthetized with chloralose
were surgically decerebrated at the
inter-collicular level after demons-
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trating the presence of descending
effects from neck muscle and forepaw
nerves. The decerebration led to the
loss of all descending effects from the
neck muscle nerves, but the interac¬
tions from forepaw nerves, although
reduced were still present (Fig. 3).
This result was not unique to the cat
anaesthetised with chloralose. Experi¬
ments were performed on non-anaes¬
thetized decerebrate cats prepared un¬
der Metofane. After allowing time for
the anaesthetic to wear off, it was
again quite easy to demonstrate des¬
cending interactions from forepaw
nerves, but once again, there was no
evidence of interactions from neck
muscle nerves. In these experiments,
so that small differences could be
found, average responses of spinal re¬
flexes were constructed with an aver¬
aging computer and these were used
as a basis for comparison. Further con¬
firmation that the action of ehloralose
was not affecting the responses of the
decerebrate eat was obtained by giving
an anaesthetic dose of chloralose to
the decerebrate cats. This did not mo¬
dify patterns of descending inter¬
action, although it altered the whole
level of reflex excitability.
"What supratentorial system might
be involved in descending interaction
from neck muscles 1 The work of
Adrian and Moruzzi<3) focussed atten¬
tion on the cerebral cortex. In their
experiments they had shown that abla¬
tion of the motor areas abolished the
convulsive response that normally fol¬
lowed sensory stimulation. Further,
there is overwhelming evidence of pro¬
prioceptive connection to the cerebral
cortex <7,31'37,3S,40-4C'48'49-501 and speci¬
fically a relay from the neck muscle
nerves to the anterior pole of the supra-
sylvian gyrus has recently been de¬
monstrated (40). We stimulated the
frontal pole of the cerebral cortex, test¬
ing for changes in lumbosacral reflex
excitability following single pulse stim¬
uli of the cortex. Such stimulation pro¬
duces a wide range of effects on lum¬
bosacral motoneurones, interneurones
and afferent terminals. The gross ef¬
fects'18'"'8' of such stimulation at the
lumbosacral cord were to be expected
from previous experiments, (18'ns) and
closely resembles the effects seen in
our experiments after forequarter
nerve stimulation. There was an early
inconstant d'scharge over the ventral
roots, a period of monosynaptic reflex
facilitation, and a prolonged inhibition
of the SBS reflex (Fig. 4). These
effects could be obtained from stimula¬
tion of the major proprioceptive receiv¬
ing areas in the somato-sensory cortex,
and also obtained from other regions
of the cerebral cortex receiving pro¬




Fig. 4 : Cat. Cliloralose 50 mg/kg. Effect of single shock stimulation of the PCD on lumbo¬
sacral reflexes. A, control reflex; B, cortical stimulation 10 msec; C, 20 msec; D, 30 msec;







Big. 5 : Cat. Chlornlose 60 mg/kg. Loss of interactions after restricted lesion of supra sylvian
gyrus. A, control reflex; B, prior BC stimulation; C, prior SR stimulation; D, prior DI
stimulation. Extent of lesion shown on inset.
cruciate dimple(49,50), the second soma-
to-sensory area(31,481 and that region
of the anterior suprasylvian gyrus that
receives proprioceptive input from the
muscles of the neck<ST,39'40).
All these cortical regions then are
presumably connected directly or in¬
directly to structures that when stim¬
ulated can produce similar effects on
the lumbosacral cord to those produc¬
ed by forequarter nerve stimulation.
Ablation experiments were therefore
performed to investigate whether the
facilitation of monosynaptic reflexes
that occurs after a conditioning shock
to a neck muscle or forepaw nervem
is dependant on cortical structure. The
frontal lobes were progressively- ablat¬
ed by suction starting anteriorly at the
orbital sulcus. Ablation of the anterior
poles of the frontal lobe led to a tran¬
sient depression of the monosynaptic
facilitation, but only for 10 or 15 mi¬
nutes. Only when the lesion was ex¬
tended to include the anterior pole of
the suprasylvian gyrus was there any-
lasting loss of the monosynaptic reflex
potentiation. In the next series of expe¬
riments, restricted lesions of one or
another proprioceptive receiving areas
were produced. Lesions in the region
of the post-cruciate dimple, the region
receiving proprioceptive input from
forepaw muscle nerves'50', reduced in¬
teractions from forepaw nerves with¬
out affecting interactions from neck
muscle nerves. "When a small region
embracing the anterior pole of the
suprasylvian gyrus was removed then
there was usually a prompt (and with¬
in the time course of an acute experi¬
ment, irreversible) loss of interactions
from the biventer cervicis nerve (Fig.
5). In 18 experiments such lesions
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reduced or abolished biventer cervicis
interactions, whilst having varying ef¬
fects on descending interactions from
forepaw nerves'11. The ascending
pathway, from the neck proprioceptors
to the anterior suprasylvian gyrus is
evidently crossed, for the effects of a
cortical lesion are only to abolish the
responses to contralateral nerve stim¬
ulation. The descending pathway
exerts its effects bilaterally, and
abolishes the ability of biventer cervi¬
cis nerve stimulation to affect reflex
excitability on both sides of the cord.
The particular dependence of inter¬
actions from neck muscle nerves on
this restricted region of the cerebral
cortex led us to the conclusion that
was something quite special related
to the input from neck muscle nerves.
One explanation could be that this is
a reflection of the organisation of the
regulation of posture. The region of
the anterior suprasylvian gyrus that is
necessary for the elecitation of des¬
cending interactions, is a region which
receives input from the vestibular sys¬
tem and from the visual, auditory and
cutaneous systems<s-36.37.3s.39.47,en), jq
seemed possible that this reflected
some critical role in the integration of
proprioceptive afferents.
What specific role is this region of
cortex likely to be playing or, that
matter, any region of the cerebral cor¬
tex ? If the development of ideas with
respect to physiology of the cerebral
cortex is followed it is clear that the
physiologist for many years has re¬
garded the role of the cerebral cortex
of the sub-primate as minimal in the
reflex regulation of posture. As pre¬
viously mentioned, this is due to the
careful and thorough analysis of re¬
flexes of postural regulation as an
equilibrium of reflexes. The reflex
activities and capability of animals
following the removal of substantial
amounts of brain were described and
categorised. It was possible to show an
increasing hierarchy of reflexes as
more brain was intact, and the experi¬
ments and descriptions of this time still
form the basis of most textbook ac¬
counts of the regulation of posture
and leave very little, apart from speci¬
fic reflexes, for the domain of the cere¬
bral cortex.
Experiments on the decorticate cat
or dog were powerful evidence for this
concept, for it was said that the decor¬
ticate had little malfunction in its
progression movements and that the
deficits that were observed related to
deficiencies of static posture(29,51-531.
On the basis of these accounts and
others as summarized by Bard(12), it
would seem that the decorticate cat or
dog cannot sustain a stable static pos¬
ture. Slowly and inexorably its legs
slide to new and often incongruous
postures without any correction 011 the
part of the animals. Thus the decortic¬
ate animal may assume and sustain
the most bizarre position at rest. As
Bard'121 showed, the loss of hopping
and placing reflexes which seems to
underly this deficit is associated spe¬
cifically with the loss of the somato¬
motor area of the cerebral cortex. This
was deemed to be the key postural
reflex under cortical control and it was
considered that all the neurophysiolo-
gical machinery for the movements of
walking and running lay intact in sub¬
cortical structures.
Our experiments 011 ataxia were
leading to the view that there was a
cortical role in progression movements
in the cat. Examination of published
accounts do in fact make it quite clear
that despite the widely held views to
the contrary, postural deficits of the
chronic decorticate cat or dog are not
restricted to static posture, but there
are also well marked abnormalities of
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gait110-1113'14-431 and of ability to resist
a load(S2) and further, the decorticate
cat has additional deficits that are not
present in the eat solely with peri-
cruciate cortex ablated, including the
adoption of an abnormal crouched
posture with the head held low(12>.
This evidence suggests that not only
does the cortex of the cat have a
greater role in static posture than is
commonly believed, but that the cortex
must also play some role in the co¬
ordination of progression movements.
Certainly, as has previously been men¬
tioned, the proprioceptive connections
to the cerebral cortex are rich, to
regions whose functions are not un¬
derstood, and which might well be in¬
volved in progression movements.
Accordingly, a series of experi¬
ments was initiated 011 the chronic ef¬
fects of lesions restricted to the an¬
terior pole of the suprasylvian gyrus.
As yet unfinished, the experiments
have given unexpected results. Al¬
though both unilateral or bilateral
ablation of the anterior suprasylvian
gyrus affects normal walking or run¬
ning, the effects have never been as de¬
vastating as biventer eervicis nerve sec¬
tion. In about half the operated ani¬
mals there have been defects of move¬
ment, but always small and transient,
and lasting 110 more than 3 clays. The
deficits did not- appear in control sham
operated animals in which skull and
dura were opened. Like the animals
after biventer eervicis section, the
operated animals show some instability
of gait of the hind leg with difficulties
most pronounced when turning.
Watching and filming eats walking is
not in our opinion an adequate method
for noting deficiencies of postural
mechanisms and we may simply have
missed more subtle defects. Further
investigation must await the develop¬
ment of more subtle devices such as
the controlled pertubation platform of
Brookhart<2) or the unstable platform
of Begbie<10) for such testing.
The fact that chronic lesions of the
anterior suprasylvian gyrus do not
have such devastating effects as sec¬
tion of the biventer eervicis nerves
strongly suggests that spino-spinal
loops involving the cerebral cortex are
not a simple single-channel pathway.
Bather, as Ascher, Jassik-Gersehenfeld
and Buser<9> and Buser, St. Laurent
and Menini<22) have showed in their
experiments, the cortical role may be
that of a modulator. Ascher et al.{9)
were concerned with the long latency
discharge which can be recorded from
ventral roots following almost all
forms of sensory stimulation. They
showed that it could be enhanced by
chemical or electrical excitation of the
appropriate cortical receiving area, or
inhibited if that cortical receiving area
was depressed by potassium' chloride.
However, the ventral root discharge
persisted after decortication. Within
the conditions of our ablation experi¬
ment it is conceivable that the involve
ment of the anterior pole of the supra¬
sylvian gyrus is in such a modulating
capacity and that the loss of response
in acute experiments is a transient
phenomenon. This has indeed proven
to be the case and we find that several
days after a chronic lesion of the an¬
terior pole of the anterior or supra¬
sylvian gyrus, when gait has returned
to normal, descending cervico-lumbar
reflex interactions are demonstrable
at terminal acxite experiments.
If the cortex has the job of modul¬
ating events in the lumbosacral cord,
the question now is what events 1 In
all our experiments up to this point
we had been concerned with the pro¬
minent facilitation of the monosynap¬
tic reflex for this is the most promi¬
nent and (next to the inhibition of the
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SBS reflex) the most consistently ob¬
served phenomenon.
However what happens in the lum¬
bosacral cord after a stimulus to a
nerve entering the cord at cervical
levels is not a single event. The most
obvious eonseciuence is the direct dis¬
charge, which is synonymous with the
eldoralose jerk. If reflex excitability
is tested during the chloralosc jerk,
both monosynaptic and polysynaptic
reflexes are facilitated. We would have
little hesitation in assigning that to a
generalised increase in motoneurone
excitability, and indeed this has been
well demonstrated in intracellular
studies<27,28). We do not find, as these
authors do, that such effects arc most
consistently obtained on flexor moto-
neurones, as we have found facilitation
to be equally prominent in monosy¬
naptic reflexes of both flexor and ex¬
tensor origin'3'.
During the period of monosynap¬
tic and polysynaptic reflex facilitation,
the SBS reflex is inhibited. This is an
early effect and is first seen within
10 msec of stimulation of a forepaw
nerve. It is also a prolonged effect and
may exceed 400 msec. After the direct
discharge has ended, testing of seg¬
mental reflex excitability has revealed
a rather unusual phenomenon. The
monosynaptic reflex normally stays
enhanced, but the polysynaptic reflex
is usually reduced and frequently com¬
pletely abolished (at the gain settings
commonly used). There is therefore a
selective facilitation of monosynaptic
reflexes. This would suggest that one
descending effect is facilitation, or dis-
inhibition in a pathway terminating
pre-synaptically and able to selectively
conti-ol the Gp. 1A afferent excit¬
ability.
To test for such a pre-synaptic ac¬
tion we have employed the test of ter¬
minal excitability of Wall(C0). In this
test all ventral roots are cut, and an
antidromically propagated compound
action potential recorded in a peri¬
pheral nerve following intraspinal
stimulation. Any change in that action
potential is considered due to changes
in the excitability of the nerve termi¬
nals entering the cord. At no time in
our experiments have we obtained any
evidence for changes in Gp. 1A ter¬
minal excitability that would explain
an enhanced monosynaptic reflex'2'.
On the contrary, we have consistently
found evidence for pre-synaptic inhi¬
bition with a peak 40-50 msec after
forepaw stimulation (Fig. 6). The exist¬
ence of such a primary afferent depo¬










Fig. 6 : Cat. Cliloralose CO mg/kg. Compound
action potentials recorded from lateral gas¬
trocnemius nerve following stimulation in root
entry zone of L7 segment. Ventral roots 14,
L5 and LC and S2 cut. Effect of conditioning




top - 500 p V
bottom - 7 mV
DRP - 50 msec
Reflex - 72.5 m sec
Fig. 7 : Cat. Chloralose 60 mg/kg. Dorsal root potentials and ventral root potentials re¬
corded from stimulation of posterior tibial nerve (PT) and biventer cervieis nerve (BC).
Biventer cervicis stimulation precedes posterior tibial nerve stimulation by the interval
indicated (in msec). Note different sweep speeds employed for dorsal and ventral root
potentials.
consistent appearance of dorsal root
potentials following forepaw nerve
stimulation (Fig. 7). We are thus left
with the paradoxical situation of mono¬
synaptic reflex facilitation at a time
when the Gp. 1A endings are partially
depolarized and releasing reduced
amounts of transmitter. At this time
the most attractive hypothesis to ex¬
plain this is to accept Frank's(30) con¬
cept of remote action and postulate
that the Gp. 1A terminals at dendritic
sites are closely approximated with
descending terminals whose alteration
in local excitability are sufficient to
overcome the inhibition usually asso-
NECK PROPRIOCEPTORS AND POSTURAL REFLEXES 127
ciated with reduced transmitter
_ re¬
lease.
Be that as it may, there is evidence
then for at least 4 separate actions in
the lumbosacral cord as a result of
input at cervical levels. These are res¬
pectively direct excitation of moto-
neurones, inhibition of SBS reflexes,
pre-synaptic inhibition in 1A terminals
and an unknown mechanism causing
prolonged facilitation of monosynaptic
reflexes. We also have performed ex¬
periments which suggest that these are
all due to the operation of independent
pathways. Decerebration has only
minor effects on the appearance of dor¬
sal root potentials suggesting that the
pathway for primary afferent depo-
larisation is infratentorial. Further
selective lesions of the cortex interfere
unequally with the direct discharge,
and the monosynaptic reflex facilita¬
tion and also may spare descending
effects from one nerve whilst abolish¬
ing effects from another nerve.
DISCUSSION
These experiments open questions
with regard to the role of neck struc¬
tures in posture, the role of the cere¬
bral cortex and also the organization
of the nervous system of the chloralose
anaesthetized cat.
Our experiments suggest that in¬
formation from neck muscle proprio¬
ceptors can be used to help determine
output at many levels of the spinal
cord, and that this balance of effects
involves fairly high levels of the brain.
The information from neck muscles is
used as an aid and is not essential, for
compensation for loss of this informa¬
tion occurs quickly. Jn the same way
man or an animal can ultimately com¬
pensate for loss of the vestibular appa¬
ratus although here the magnitude and
duration of defects is much greater.
At least 4 systems are affected by
neck muscle afferents. There is one
system whereby EPSP's and action
potentials can be generated in moto-
neurones. This system can presumably
initiate and conduct movement. There
is a pathway for regulating presynap¬
tic terminal excitability. By this action
the myotatic reflex can rapidly com¬
pensate for altered loading in a way
frequently associated with fusimotor
activity. The significance of the effects
on the SBS reflexes are not clear, ex¬
cept to suggest that whatever this sys¬
tem is doing, it is disabled by higher
centres for the period in which the
system is active. These experiments
thus lay bare a set of physiological
functions, all of which are affected by
neck muscle afferents and all of which
may be part and parcel of the mech¬
anism that control posture.
If an outrageous simile is permit¬
ted, the experimenter working on the
chloralose anaesthetized animal resem¬
bles an archaeologist excavating a pipe
organ. As each pipe is disinterred, it is
played and its single note discovered.
Then, in ignorance, the whole is put
together and all pipes sounded simult¬
aneously. The resultant cacophony
bears no resemblance to the music that
the organ is capable of producing. So
in our chloralose anaesthetized animal,
the response to a stimulus is a jerk, a
convulsive movement, but it is created
by the same systems which under other
circumstances create the fluidity and
grace of movement.
Perhaps all we have succeeded in
confirming what would be obvious to
an early naturalist. All sensory sys¬
tems are of necessity connected to
motor systems and motor activity is an
end point of activity in the whole com¬
plex of brain and spinal cord.
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ABREGE — Les recepteurs proprioceptifs au niveau des muscles de la nuque et Ie role
du cortex cerebral dans les reflexes de posture. Ba section du nerf d'un muscle extenseur
de la nuque peut donner des troubles de la demarche. Co phenomene serait rclie k des systemes
descendants interspinaux qui dependraient de boucles sus-tentorielles et qui impliqueraient le
cortex cerebral dans la region de la circonvolution suprasylvienne anterieure.
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Abrahams, V. C. 1972. Neck muscle proprioceptors and vestibulospinal outflow at lumbosacral
levels. Can. J. Physiol. Pharmacol. 50, 17-21.
It has been shown that neck muscle proprioceptors can inhibit vestibulospinal outflow at lumbo¬
sacral levels of the cord. The inhibition was abolished by decerebration, but was unaffected by ablation
of the contiguous regions of the ectosylvian and suprasylvian gyri receiving vestibular projections.
Descending vestibular effects on segmental lumbosacral reflexes were also examined. One effect only,
a prolonged facilitation of the monosynaptic reflex, was abolished by decerebration. Unlike a similar
effect obtainable from neck muscle proprioceptors, the facilitation survived acute ablation of the an¬
terior poles of the suprasylvian and ectosylvian gyri.
Abrahams, V. C. 1972. Neck muscle proprioceptors and vestibulospinal outflow at lumbosacral
levels. Can. J. Physiol. Pharmacol. 50, 17-21.
Les recepteurs proprioceptifs de muscles du cou inhibent l'activite vestibulo-spinale au niveau
lombro-sacre de la moelle epiniere. Cet effet est elimine par decerebration mais n'est pas affecte par
l'ablation des regions contigues des gyri ecto et suprasylviens, lesquelles re?oivent des projections
vestibulaires. Nous avons egalement examine 1'effet de la stimulation du nerf vestibulaire sur les
reflexes segmentaires lombo-sacre. Seule la facilitation du reflexe monosynaptique est eliminee par
decerebration. Contrairement a un effet similaire obtenu a partir des propriocepteurs des muscles du
cou, cette facilitation persiste apres ablation aigue des poles anterieurs des gyri ecto et suprasylviens.
Introduction
Alterations of gaze, involving movement
of both head and eyes, require considerable
integration of visual, vestibular, and neck
proprioceptive systems. It is therefore not
unexpected to find that in the decerebrate cat
the vestibulospinal output can be modified
by activity in neck muscle proprioceptors
(Gernandt and Gilman 1959; Gernandt and
Proler 1965). What is unexpected is that these
effects are largely confined to the cervical
levels of the cord, and are weak or absent
at lumbosacral levels.
In the intact cat, neck muscle receptors
exert a wide range of effects on the lumbo¬
sacral cord which are abolished by high spinal
section, decerebration, and also, in acute
preparations, by cortical lesions (Abrahams
and Falchetto 1969; Abrahams 1970, 1971)
and this may involve looping systems. It
seemed likely that a similar looping mech¬
anism might be involved in interactions
between neck muscle proprioceptors and
vestibulospinal output. This has been examin¬
ed in the present experiments.
Methods
Experiments were successfully completed on 16 cats.
Anesthesia was induced with ethyl chloride and pre¬
liminary surgical procedures were completed under
ether. Anesthesia was then sustained with a single
intravenous dose of chloralose (60 mg/kg). Branches
of the vestibular nerve were prepared for stimulation
as described by Andersson and Gernandt (1954). Elec¬
trodes were secured in place on nerve branches with low
melting point paraffin and the leads secured with acrylic
cement to the bone of the middle ear. In three experiments
the electrodes were not placed on a nerve branch, but
were thrust into the substance of the membranous
labyrinth. Stimulation through these electrodes gave
results identical to those of nerve stimulation. Records
of reflex activity were made from electrodes placed on
exposed ventral roots. Stimulation, recording, and
display were by conventional electrophysiological tech¬
niques. Reflexes were initiated by stimulation of nerves
exposed in the popliteal fossa. The animal's condition
was monitored with the aid of blood pressure, respiration,
and temperature transducers.
When the effect of a brain lesion was to be tested, all
surgical procedures except the placing of the lesion
were completed, and the reflexes and evoked responses
tested immediately prior to the making of the lesion.
The extent of the lesion was determined postmortem in
formalin-fixed material.
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Results
Effects of Neck Muscle Nerve Stimulation on
Lumbosacral Vestibulospinal Discharge
Stimulation of any branch of the vestibular
nerve in the chloralose-anesthetized cat re¬
gularly led to a discharge in L7 and SI ventral
roots. The discharge had a latency of about
15 ms and a duration of about 20 ms. A similar
discharge followed stimulation of the cut
central end of the neck muscle nerve biventer
cervicis. When biventer cervicis nerve was
stimulated prior to vestibular nerve stimula¬
tion the predominant elfect was a prolonged
inhibition of the vestibular discharge (Fig. 1).
First apparent when the interval between
stimuli was 10 ms, the effect was prolonged,
invariably persisting for at least 200 ms, and
generally for as long as 400 ms. When the
interval between stimuli was 20 ms a brief
facilitation was present. When the order of
stimulation was reversed, and the effect of
prior vestibular nerve stimulation examined
on the discharge due to biventer cervicis nerve
stimulation, then vestibular stimulation in¬
hibited the biventer cervicis discharge. Ap¬
parent at an interval of 10 ms, the inhibition
was of limited duration and was absent after
60 ms.
Effects of Vestibular Nerve Stimulation on
Lumbosacral Reflexes in the Chloralose-
Anesthetized Cat
Fig. 2 illustrates the effects that can be
brought about on lumbosacral segmental
and looping reflexes by prior stimulation of
the vestibular nerve. At short intervals, when
the vestibular nerve stimulation produces
ventral root discharge, it can be seen that
monosynaptic and polysynaptic reflexes are
facilitated. When the interval is increased
beyond 30 ms and up to 100 ms there is a
prolonged and selective increase in the mono¬
synaptic reflex accompanied by depressed or
absent polysynaptic reflexes. The looping




Fig. I. Cat, chloralose 60 mg/kg. Discharges recorded from L7 ventral root after (A) vestibular nerve stimula¬
tion and (B) biventer cervicis nerve stimulation. Effects of biventer cervicis nerve stimulation preceding vestibular
nerve stimulation at intervals of (C) 10 ms, (D) 20 ms, (E) 30 ms, (F) 40 ms, (G) 300 ms. Time marker 25 ms.
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Fig. 2. Cat, chloralose 60 mg/kg. Segmental reflexes recorded from l7 ventral root following posterior tibial
nerve stimulation. Effects on segmental reflexes of vestibular nerve (left column) and biventer cervicis nerve stimulation
(right column). Top, control. Intervals: (A) 10 ms, (B) 20 ms, (C) 30 ms, (D) 40 ms, (E) 50 ms, (F) 60 ms. Time marker
20 ms.
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is abolished within 10 ms of the vestibular
nerve stimulation and only returns after 400
ms or so. These descending effects are virtually
identical with those that follow forepaw and
neck muscle nerve stimulation (Abrahams
1971), the only difference being that in the
same animal vestibular nerve stimulation
produces its effects about 10 ms earlier than
forequarter nerve stimulation (Fig. 2).
Effects of Decerebration on Descending Effects
from the Vestibular Nerve
In six cats, after establishing the presence of
the descending effects from the vestibular
nerve the animals were decerebrated. This
procedure slightly reduced the vestibulospinal
discharge, and this reduced discharge was
now unaffected by prior biventer cervicis nerve
stimulation. The effect of vestibular nerve
stimulation on segmental reflexes was largely
unaffected by decerebration except that the
prolonged facilitation of lumbosacral mono¬
synaptic reflexes could no longer be de¬
monstrated.
Effect of Restricted Cortical Lesions in the
Anterior Suprasylvian and Ectosylvian
Gyri
After establishing the presence of descend¬
ing interactions from both the vestibular and
biventer cervicis nerves, small lesions were
placed in eight cats in those regions of the
suprasylvian and ectosylvian gyri which are
contiguous and which receive input from neck
muscle proprioceptors and the vestibular
apparatus (Walzl and Mountcastle 1949;
Kempinsky 1951; Landgren et al. 1967;
Massopust and Daigle 1960). In the first two
experiments these lesions were followed by
the loss of all descending interactions. It was
not possible to repeat this, and a further six
experiments were performed in which the
lesions were completely without effect on any
descending interaction from the vestibular
nerve. Further, in these six experiments stimu¬
lation of the biventer cervicis nerve still
produced a prolonged inhibition of vestibulo¬
spinal discharge.
Discussion
These experiments show that vestibulo¬
spinal outflow at lumbosacral levels can be
substantially affected by neck muscle proprio¬
ceptive activity. It is also evident that the
direct interaction cannot be demonstrated
after decerebration. Output from the ves¬
tibular nuclei may follow a number of routes,
including the vestibulospinal tract, the medial
longitudinal fasciculus, and the reticulospinal
system (Brodal et al. 1962; Gernandt et al.
1957; Nyberg-Hansen 1964; Nyberg-Hansen
and Mascitti 1964; Pompeiano and Brodal
1957; Thulin 1953; Ladpli and Brodal 1968).
A total inhibition of vestibulospinal discharge
following biventer cervicis stimulation would
imply either a spinal or medullary effect,
or a mixture of both. The known events in
the cord following biventer cervicis stimulation
(Abrahams 1971) could, in part, account for
some features, particularly the brief enhance¬
ment seen 20 ms or so after biventer cervicis
nerve stimulation. However, apart from a
weak monosynaptic connection to moto-
neurones (Lund and Pompeiano 1965; Grill-
ner et al. 1970), the bulk of vestibulospinal
fibers terminate on interneurones (Erulkar
et al. 1966), and although there is evidence of
an inhibitory action of biventer cervicis
stimulation on polysynaptic reflexes (Abra¬
hams 1971), this neither occurs early enough,
nor is it of sufficient duration to adequately
explain our present observations. It seems
more likely that the strong inhibitory effect
of biventer cervicis output on vestibulospinal
output is due to a central action. There is
anatomical evidence that fibers entering the
cord at upper cervical levels terminate in the
descending vestibular nuclei (Corbin and
Hinsey 1935; Yee and Corbin 1939; Escolar
1948). There is no evidence to suggest that
these fibers have their origin in neck muscle
proprioceptors and their density of termina¬
tion does not seem adequate to explain in¬
hibition of all three major descending systems
from the vestibular nuclei. For the moment it
seems more likely that supratentorial struc¬
tures are responsible for initiating a wide¬
spread inhibition at medullary levels.
In previous acute experiments it was found
that lesions of the cortical receiving areas for
neck muscle proprioceptors could abolish
descending spinal interactions from neck
muscle proprioceptors (Abrahams 1970). This
region is contiguous with a vestibulocortical
relay whose function is not understood. The
possibility that this vestibulocortical relay
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was involved in descending vestibulospinal
effects has not been supported. The con¬
sistent inability to modify descending vestibu¬
lospinal effects in the latter six consecutive
experiments argues strongly against such a role
for these cortical projections. There is circum¬
stantial evidence for supratentorial structures,
including the cortex, being involved in
descending effects from neck muscle proprio¬
ceptors, and there is evidence that supratento¬
rial structures participate in a limited way
in the modulation of vestibulospinal output,
but there is no evidence to suggest that the
vestibulocortical relay to the ectosylvian
gyrus is involved in either of these processes.
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FIXATION OF INHIBITION OF A SPINAL REFLEX BY ELECTRICAL STIMULATION OF
THE MEDULLA. Vivian C. Abrahams and Jenny PaynesA. Cerebral Functions
Group, University College, London, and Dept. of Physiol., Queen's Univ.,
Kingston, Ontario, Canada.
Most descending spinal effects are brief, enduring for a few milli¬
seconds, or a few seconds at most. We now report on a descending
inhibition of the plantar reflex which may persist for hours following
its initiation. This prolonged inhibition resembles the phenomenon of
fixation, since once established it will persist after cord section.
The plantar reflex was recorded bilaterally from the ventral roots of
Dial anaesthetised cats. The spinal cord wa3 partially sectioned at the
mid-thoracic level leaving only one dorso-lateral quadrant intact. A
stimulating micro-electrode was then inserted into the medulla to a site
whose excitation produced inhibition of the ipsilateral plantar reflex.
Stimulation through the electrode with brief trains every 3 seconds for
one hour either abolished the ipsilateral plantar reflex or reduced it
to below 40% of its control value. The contralateral reflex was largely
unaffected. Despite the loss of the ipsilateral plantar reflex, other
reflexes from that spinal root were normal. When the residual dorso¬
lateral cord was sectioned the reduced ipsilateral plantar reflex
continued unchanged in 5 experiments, but there was a transient return
of the reflex in 2 experiments. The "fixation" of inhibition of the
ipsilateral plantar reflex persisted for the remaining 2-4 hours of the
experiment, whilst the contralateral reflex was still normal.
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Abrahams, V. C., and Rancier, F. 1973. ATPase distribution in dorsal neck muscles of the cat. Can.
J. Physiol. Pharmacol. 51, 549-552.
An examination of the histochemical distribution of ATPase has been made in the synergistic dorsal mus¬
cles of the cat neck that move the head. On the basis of this distribution, three types of muscle are described:
one pair predominately composed of fibers rich in ATPase, one pair predominately composed of fibers poor
in ATPase, and a single muscle with characteristics between the others. The dorsal muscles of the neck
are therefore interpreted as comprising three functional groups: one pair of fast muscles, one pair of slow
muscles, and a single muscle with intermediate properties.
Abrahams, V. C., et Rancier, F. 1973. ATPase distribution in dorsal neck muscles of the cat. Can. J.
Physiol. Pharmacol. 51, 549-552.
A 1'aide d'une methode histochimique, nous avons etudie la distribution de I'ATPase dans les muscles
dorsaux synergistes du cou controlant les mouvements de la tete du chat. D'apres la distribution de
l'ATPase, trois types de muscles peuvent etre distingues: une paire composee principalement de fibres
riches en ATPase, une paire composee principalement de fibres pauvres en ATPase et un muscle ayant
des caracteristiques intermediaires. Les muscles dorsaux du cou peuvent done etre classes en trois groupes
fonctionnels: une paire de muscles rapides, une paire de muscles Ients et un muscle aux proprietes inter¬
mediaires. [Traduit par le journal]
Introduction
The control of head and eye movement has
been intensively studied, yet there has been
little study of the muscles that directly move
the head and which form an important part of
this specialized motor system. It is all the
more surprising since the central control of
these muscles is closely integrated with that of
the extraocular muscles (Bizzi et al. 1971).
The experiments described here are concerned
with one muscle group of particular impor¬
tance in the organization of head movement
in the cat, the dorsal muscles of the neck.
These comprise a group of at least five pairs
of synergist muscles, all of which serve to
elevate or turn the head. What has been done
has been to provide a more comprehensive
description than that presently available, and
to use the technique of muscle typing based
on myofibrillar ATPase content (Padykula
and Herman 1955; Burke et al. 1971) to give
a functional classification to individual muscles
within the grouping.
The muscles studied were those called
rectus capitis posterior major (RC) biventer
cervicis (BC), complexus (CM), occipito-
scapularis (OS), and splenius (SP) in the
nomenclature of Elliott (1934). All are
attached to the lamboidal ridge of the skull
and all but one are inserted on cervical verte¬
brae; the exception is OS, which is inserted
into the scapula.
Methods
Cats were anesthetized with a single intraperitoneal
injection of 30 mg/kg pentobarbitone sodium (Nem¬
butal, Abbott). In one series of experiments the dorsal
neck muscles were widely dissected to investigate their
innervation. They were then dissected free and
weighed. In the second series of experiments the
dissection was restricted so that the muscles were
separated at about the C3 level. The belly of each
muscle was then freed and a complete segment of each
muscle, about 5 mm wide, was removed and dropped
into saline at 4 °C. Samples were kept in a re¬
frigerator at this temperature until the last muscle
sample was removed (about 30 min after the first
sample). The pieces of muscle were then frozen and
15 (i sections cut on a freezing microtome. The
sections were then stained for ATPase by the tech¬
nique of Padykula and Herman (1955). All the
fibers in individual sections of each muscle were
then counted and assigned to either a "dark" or
"light" category. The accuracy of counts on the same
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Table 1. Weights of neck muscles in the cat and the ratio of dark to light ATPase
staining in individual fibres of the muscles
Muscle weights, g Dark/Light
Mean n S.E.M. % total mass Mean n S.E.M.
Occipitoscapularis 0.672 6 0.12 6 0.69 8 0.06
Splenius 3.66 6 0.60 34 2.64 8 0.19
Biventer cervicis 2.74 6 0.40 25 0.717 10 0.05
Complexus 2.90 6 0.42 27 1.26 7 0.026
Rectus capitis 0.913 6 0.14 8 2.68 7 0.19
sections was verified by having three individuals
make separate counts.
The ratio of dark and light fibers in each muscle
appeared to fall into three categories. The statistical
validity of this classification was tested using
Duncan's multiple-range test (Duncan 1955).
Results
Inspection and weighing shows that the
dorsal muscles of the neck fall into two types.
BC, SP, and CM form one type and OS and
RC a second. The first type of muscle is rela¬
tively large and has three motor nerves, each
taking origin in a different cervical segment,
either C1-C3 or C2-C4. Between them these
three muscles comprise more than 85% of the
total dorsal muscle mass (Table 1). The
second type of muscle is small, each compris¬
ing less than 10% of the dorsal muscle mass
(Table 1), and is each innervated by a single
motor nerve.
Table 1 also contains the data relating to
the distribution of myofibrillar ATPase in
each of the five muscles. The results are ex¬
pressed as a "dark-light" ratio (D.L.R.), cal¬
culated by dividing the number of heavily
stained fibers in a muscle by the lightly stain¬
ing fibers. The average number of fibers
counted per muscle section was 904, the
average count ranging from 814 for SP to
1060 for BC. As Fig. 1 shows the differences
between the two types of fiber are clear. On
the basis of the D.L.R., SP and RC are seen
to form a pair of predominately light muscles,
and BC and OS to form a pair of pre¬
dominately dark muscles. Complexus appears
to be intermediate between the other two
types. Statistical evaluation of these data by
Duncan's multiple-range test confirms the im¬
pression gained by inspection and further
shows that the classification into three types is
based on differences in the D.L.R. significant
at the 1 % level.
In two animals the muscle spindles present
in all five muscles were examined. A total of
104 chain fibers were seen, of which all but
two were darkly stained. These two were both
aberrant in that one was about one-quarter
the diameter of the other chain fibers and the
other was larger than the other chain fibers. Of
the 51 nuclear bag fibers examined, 26 ex¬
hibited dense staining, and 25 were lightly
stained.
Discussion
The data presented here show that the five
dorsal muscles of the neck, all capable of
initiating similar head movement, fall into
three categories. To make this classification
the association between ATPase content and
muscle function demonstrated in the hind leg
of the cat (Burke et al. 1971) has been ap¬
plied to the neck muscles, that is, darkly
stained fibers are regarded as functionally fast
fibers, lightly stained fibers as functionally
slow. Each of the three large muscles then,
represents a different functional type, and the
slow (BC) and fast (SP) large muscle are
each supported by a small muscle with similar
characteristics. An insight into what might be
the functional organization of the muscle types
has been given by the experiments of Ander¬
son et al. (1971). The superior colliculus of
the cat has long been implicated in head and eye
movement and its stimulation leads to move¬
ments of both head and eyes (Hess et al.
1946). Anderson et al. (1971) recorded intra¬
cellular potentials from neck muscle moto-
neurones following stimulation of the deep
layers of the superior colliculus. Some evi¬
dence for differential control of SP and BC
NOTES
Fig. 1. Sections through biventer cervicis (top), complexus (middle), and splenius (bottom)
to show differences in ATPase distribution. Magnification XI00.
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and CM motoneurones emerges from this
work. Anderson et al. (1971) found that
stimulation of one colliculus generated mainly
ipsilateral excitatory postsynaptic potentials
(E.P.S.P.) in SP motoneurones but ipsilateral
inhibitory postsynaptic potentials (I.P.S.P.) in
BC and CM motoneurones. This would
suggest that the SP, the fast muscle, is used
in the turning movement, whereas the slow
and intermediate muscles, BC and CM, are
inhibited. The implication is that these latter
muscles are involved in the tonic activity
needed to maintain a head position, and that
the execution of rapid movements is done
using SP.
The extraocular muscle system is com¬
posed of a variety of muscle fiber types (Hess
1961; Bach-y-Rita and Ito 1966; Cheng-
Minoda et al. 1968; Peachey 1971) and their
motoneurones are of at least two types (Schu¬
bert and Bornschein 1962; Schaefer 1965).
The neck muscle system has now been shown to
comprise a variety of muscle types. Pre¬
sumably we should find associated with this a
variety of spinal motoneurone types. An
examination of the various motoneurone types
and the systems of descending control of the
various motoneurones should shed further
light on the central organization of the central
mechanisms underlying head and eye move¬
ment.
Muscle spindles were not systematically
studied in the present experiments and those
that were seen did not differ strikingly from
those seen elsewhere in muscles of the cat. Their
presence is a reminder that they too must
participate in the control system for head and
eye movement, and their role in the system is
also in need of definition.
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AN ELECTROPHYSIOLOGICAL DEMONSTRATION OF EXTRAOCULAR MUSCLE RECEPTOR
PROJECTIONS TO THE SUPERIOR COLLICULUS IN THE CAT. P.K. Rose* and V.C.
Abrahams, Dept. Physiology, Queen's University, Kingston, Ontario.
Despite the rich distribution of receptors in the extraocular muscles
little is known about their central projections. We now report that an
extensive projection exists from extraocular muscles to the superior
colliculus in the cat. In cats anaesthetised with.chloralose explorations
were made throughout the various layers of the superior colliculus. Sev¬
enty-nine of the eighty-seven units tested were excited by stimulation of
the third nerve within the orbit. Of fifty-seven units tested, fifty-two
responded to stimulation of the sixth nerve in the orbit. Thus proprio¬
ceptive information from both the inferior oblique and lateral rectus
muscles is conveyed to the superior colliculus. We have already reported
on a rich projection from neck muscles to the superior colliculus; this
projection combined with that from the extraocular muscles means that the
superior colliculus has access to information concerning the position of
the eye in the orbit and the head on the trunk. The existence of a rich
afferent connection to the superior colliculus from both neck and extra¬
ocular muscles is consistent with a role of the superior colliculus in
organization of head and eye turning.
Supported by M.R.C.
Fed. Proc., 32, (1973), #698.
PHYSIOLOGY
EXTRAOCULAR MUSCLE PROPRIOCEPTIVE PROJECTION TO THE SUPERIOR
COLLICULUS IN THE CAT. P.K. Rose'5' and V.C. Abrahams. Queen's
University, Kingston, Ontario, Canada.
Explorations have been wade in the anaesthetised cat to in¬
vestigate the distribution of projections from extraocular
muscle afferents to the superior colliculus. Units activated
by intraorbital stimulation of the 3rd or 6th nerves were
found widely distributed in the superior colliculus. The
richest projection, to the superior colliculus so far described
is from skeletal muscle afferents. Of the units examined, and
which responded to skeletal muscle proprioceptive stimulation,
90% were also activated by extraocular muscle afferents. The
extraocular muscle afferents have a distribution similar to
that of skeletal muscle afferents, with short latency respon¬
ses predominating in deep collicular layers, long latency re¬
sponses predominating in more superficial layers. There was no
apparent topographical distribution of this projection* This
data shows that the layers of the superior colliculus receiv¬
ing a retinal input also receive a long latency input from the
extraocular muscle proprioceptors and those layers which gen¬
erate output to extraocular and neck muscles receive a short
latency input from extraocular muscle proprioceptors. These
findings are consistent with the view that the superior col¬
liculus plays an important role in the organization of com¬
bined head and eye movement. (Supported by the M.R.C. of
Canada).
Soc. Neurosc., 3rd Ann. Meeting, 1973, 336.
AFFERENT CONNECTIONS OF CELLS IN THE SUPERIOR COLLICULUS OF THE CAT
GIVING RISE TO THE TECTOSPINAL TRACT. V.C. Abrahams, P.K. Rose*.
Dept. Physiology, Queen's University, Kingston, -Ontario.
The tectospinal tract is one of two disynaptic pathways from the
superior colliculus of the cat to motoneurones in the upper cervical
cord supplying neck muscles. These pathways constitute the most
direct route whereby the superior colliculus can control head
movement. The neurones of origin of this pathway have been identified
within the superior colliculus by antidromic activation. The cells
were widely dispersed in the deep and intermediate layers of the
superior colliculus. More than 40% of the neurones could be excited
by both visual and neck muscle afferent stimuli and a further 30%
could be activated by one or another stimulus. Since there is
almost total convergence between extraocular and neck muscle
afferents in the superior colliculus, it is likely that the
tectospinal cells also receive a substantial extraocular muscle
input. These experiments identify the tectospinal tract as one
whose activity may be influenced by visual information as well as
proprioceptive information from eye and neck muscles.
Supported by M.R.C. of Canada
Advances in Neurology, Vol. 4
Raven Press, New York © 1974
On the Induction of Prolonged Change
in the Functional State of the Spinal
Cord
V. C. Abrahams
Department of Physiology, Queen's University, Kingston, Ontario, Canada
There is general agreement that the perception of pain by an individual
may be greatly affected by the circumstances under which the pain is
suffered. One frequently cited example of this phenomenon of dissociation
between pain perception ano stimulus intensity is that referred to by
Beecher (1) of the American soldiers wounded at Anzio who "denied pain
from their extensive wounds." Such a dissociation between pain perception
and stimulus intensity is sometimes cited as evidence of the many psy¬
chological variables that enter into the perception of pain (2). But such
psychological variables must make use of physiological substrates. Variabil¬
ity of pain thresholds and the ability to suppress the sensation of pain must,
like the mechanism of pain itself, be sought within the normal framework
of the physiology of the nervous system.
One physiological substrate that must be of great importance in modify¬
ing perceptive thresholds are the connections to primary afferents and
interneurons that can alter synaptic transmission in cutaneous pathways.
Descending systems make such connections in abundance and their in¬
fluence has been repeatedly demonstrated on cutaneous afferents at spinal
levels (3-20), in the dorsal column nuclei (21-25), and in the trigeminal
system (26-30).
One of the earlier electrophysiological demonstrations that activity in
descending spinal systems might affect transmission in ascending systems
was made by Hagbarth and Kerr (3). They recorded from electrodes placed
in the dorsal and anterolateral columns of the lumbosacral spinal cord of
the cat. The electrical record obtained from the dorsal column following
dorsal root stimulation comprised an initial spike (associated with conduc¬
tion in the dorsal column pathway) and a late wave (associated with inter-
neuronal activity in the dorsal horn). Hagbarth and Kerr (3) consistently
found depression of the late dorsal column wave and the anterolateral wave
to follow repetitive stimulation of the bulbar and mesencephalic reticular
formation, the vermis of the cerebellum, and both the motor and sensory
cortex. The inference from these experiments was that synaptic effective-
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ness within the spinal cord could be reduced by activity in a variety of de¬
scending pathways. In view of the experiments reported in this chapter,
it is worth noting that Hagbarth and Kerr (3) found inhibition of test re¬
sponses in their experiments and no evidence of facilitation. Thus in these
sensory pathways an inhibitory action could be injected between the first-
and second-order neurons. Because Hagbarth and Kerr (3) stimulated whole
dorsal roots and not cutaneous nerves, there was no direct evidence of an
inhibitory action exerted specifically on cutaneous afferents. In later ex¬
periments in the cat, Andersen, Eccles, and Sears (8), and Carpenter,
Lundberg, and Norrsell (9) specifically showed that stimulation of descend¬
ing tracts originating in the cortical somatosensory areas I and II could
reduce the synaptic efficacy of cutaneous primary afferents in the cord.
Andersen et al. (8) impaled the primary afferents and showed that cortical
stimulation caused depolarization, an action which reduced synaptic
efficacy.
The ability to reduce the effectiveness of synaptic transfer in the spinal
cord from cutaneous afferents is widespread in descending systems and is
not confined to the corticospinal tract. Hongo and Jankowska (13), and
Hongo, Jankowska, and Lundberg (31) found that the rubrospinal system
caused primary afferent depolarization (P.A.D.) from low-threshold skin
receptors. The vestibulospinal and reticulospinal systems can also cause
P.A.D. in large cutaneous afferents (12, 32, 33). P.A.D. thus is used by
many descending systems to manipulate directly the inflow of information
from cutaneous receptors. But this is not the only mechanism available to
alter sensory inflow. Descending systems have an abundance of connections
on interneurons in the cord and can control afferent ascending sensory
transmission by altering excitability in these interneurons (14-19, 34, 39,
40, 41, 43). By the combination of effects centered on primary afferents and
interneurons, transmission in all major ascending pathways can be regulated
by descending systems.
The most obvious form of regulation is by the reduction or suppression
of input, but alterations in receptive fields and receptive field properties
can also be attributed to descending systems. In an analysis of the receptive
fields of spinocervical units, Taub (11) showed that cutaneous fields can be
altered by reticulospinal, rubrospinal, and cerebellospinal mechanisms. In
similar experiments Wall (14) and Hillman and Wall (34) have shown de¬
scending systems to affect the degree of convergence of sensory afferents
on spinal interneurons.
Thus there exists a substantial neurophysiological substrate which can
influence ascending cutaneous afferent transmission and which potentially
can affect pain perception.
The experimental data presented in this chapter indicates that another
action of descending systems may need to be added to those already de¬
scribed, namely the ability of a descending system to produce prolonged
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effects which persist for hours after the stimulus has been terminated. The
fact that such a spinal mechanism exists should interest those concerned
with the manner in which periods of protracted pain of central origin can
occur as well as those concerned with the alleviation of pain. The findings
were made in the course of experiments on descending systems that in¬
hibit the plantar reflex. The plantar reflex in the cat consists of toe exten¬
sion following stimulation of the plantar pad (34). Although its functional
role is uncertain (35), it is of interest to neurophysiologists since its neuronal
substrate in the lumbosacral cord is limited. Egger and Wall (36) coined the
term oligosynaptic to describe the reflex, for in its minimum configuration
it involves no more than two serially connected intemeurons and a moto¬
neuron. Thus the number of sites for descending control of this reflex is
limited, and it presents a very useful model for the examination of the
interplay of descending spinal systems in spinal reflex function.
The experiments were performed on cats. In order to adhere as closely
as possible to the procedures of Egger and Wall (36), most experiments were
performed under Dial anesthesia (0.5 ml/kg, i.p.). This anesthetic was not
available initially and early experiments were performed using a pento¬
barbital sodium (15 mg/kg) and urethane (1.2 g/kg) mixture given i.p. A
few experiments were performed under chloralose (60 mg/kg, i.v.). The
results do not appear to be affected by the anesthetic used. The plantar
reflex was recorded electrically from an SI ventral root, amplified, and dis¬
played in the conventional manner. For the observation of prolonged effects
the reflex was initially displayed on one beam of a storage oscilloscope
using a very slow time base. In later experiments the amplified electrical
signal was fed to a gate-controlled integrator whose output was similarly
displayed as a vertical line on a storage oscilloscope. The vertical line was
proportional to the total area under the signal. In all experiments the dorsal
columns were sectioned at about T10 to prevent antidromic invasion of
dorsal root ganglion cells. Microstimulation of brain and spinal cord was
through a glass-insulated tungsten microelectrode (38), and the current
intensity of the stimulus pulse was controlled either by a Grass (CCU-1) or
Tektronix (Model 2620) constant current unit. All electrode placements
were verified by histological examination of frozen sections. Tests were
conducted on the plantar reflex at 3-sec intervals. To elicit the reflex 0.5-
msec pulses were delivered to the medial plantar pad through a pair of 25
s.w.g. stimulus steel needles. The stimulus intensity was adjusted prior to
ventral root section to give a plantar reflex with no flexor reflex contamina¬
tion. The plantar reflex was routinely rested 1 msec after the end of a con¬
ditioning stimulus train at 100 impulses/sec.
In our experiments we found trains of stimuli lasting 100 msec or more
delivered to either the rubrospinal, corticospinal, or dorsal inhibitory
reticulospinal systems (39, 40) strongly inhibitory to the plantar reflex. In
the course of these experiments we found that inhibition of the plantar reflex
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from stimulation of any of these systems could be progressive and cumula¬
tive. Figure 1 illustrates the manner in which succeeding trains of stimuli
spaced 3 sec apart may lead to a progressive increase in inhibition of the
plantar reflex. This type of phenomenon is not uncommon and was reported
by Hagbarth and Kerr (3) in their experiments. In our experiments, like
theirs, the phenomenon was not seen regularly.
In the course of other experiments on the plantar reflex, repeated stimulus
applications were required. The phenomenon of a progressive and cumula¬
tive inhibition then ceased to be a curiosity and instead became a severe
handicap, for when periods of stimulation were prolonged, recovery from
inhibition was often incomplete. This is illustrated in Fig. 2. In some ex¬
periments a reflex amplitude at the commencement of the experiment of
800 /xV could be reduced to 50 /aV within 3 or 4 hr. Such an extreme and
persistent inhibition, once induced, would force an experiment to a pre¬
mature conclusion.
The phenomenon of cumulative inhibition was examined in a series of
experiments in which the plantar reflex was simultaneously elicited on both
sides of the cord. In these experiments inhibitory brain sites were Stimu¬







FIG. 1. Cumulative inhibition of the plantar reflex by stimulation of the red nucleus.
C = control plantar reflex. 1 = plantar reflex after first stimulus to red nucleus. 2 = plantar







FIG. 2. Prolonged inhibition of the plantar reflex. The record consists of a plot of the peak
amplitude of the reflex before, during, and after stimulation in the ipsilateral dorsolateral
columns. A 200-msec train (100/sec, 0.2 msec, 50 /j.A pulses) preceded each reflex test in
the period between the arrows.
transecting the dorsal columns, the cord was hemisected at about T10 and
the ventral cord at this level was then further sectioned to prevent con¬
duction in the ventral quadrant. Control experiments showed that from
about 15 min after such a spinal section the reflexes on both sides were
normal and stable for long periods. The rubrospinal and corticospinal
tracts, and dorsal reticulospinal system are predominantly (but not com¬
pletely) uncrossed at low-thoracic levels, so that the inhibitory effects of
their stimulation were largely (but not entirely) confined to the ipsilateral
reflex. Inhibition was then produced once every 3 sec for 1 hrby stimulation
of appropriate brain sites at high bulbar levels. Eight such experiments
were performed, and in keeping with the uncertain nature of the phenome¬
non, ipsilateral inhibition was seen in five. The reflex on the ipsilateral side
was abolished by the prolonged period of stimulation, but the other reflex
was still substantial. In a subsequent 2-hr observation period no recovery
was seen. At this time the remaining cord remnant at the midthoracic level
was cut. In the subsequent 2 hr the reflex still did not return. For this entire
4-hr period following the cessation of inhibitory stimulation, the control
reflex remained stable. During the last 2 hr of the experiment, segmental
reflexes were tested from both left and right SI roots following stimulation
of muscle and mixed hindleg nerves. Such reflexes were always present
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on both sides, although an impression was gained that control side poly¬
synaptic reflexes were larger than on the other side (Fig. 3). These ex¬
periments demonstrate that the progressive onset of inhibition is associated
with the activation of an inhibitory system which is not only powerful, but
whose action within the cord is also prolonged and, since it survives cord
transection, is due to a local change in cord function.
Because of the oligosynaptic organization of the reflex, the sites at which
inhibition might occurare restricted. The most likely cause would be P.A.D.,
for both the rubrospinal and corticospinal systems are known to produce
P.A.D. in large cutaneous afferents (6, 8, 13, 31). This assumption was not
borne out by experiment. Dorsal root potentials (D.R.P.'s) are generally
regarded as resulting from P.A.D. (8). D.R.P.'s were readily obtained from '
one anterior SI rootlet by rubrospinal or corticospinal stimulation. When
the strength of such rubrospinal or corticospinal stimulation was gradually
reduced, it was found that D.R.P. disappeared at low current strength which
could still cause strong inhibition of the plantar reflex.
The afferent fibers that leave the plantar pad and whose excitation is
responsible for the plantar reflex form a distinct group with conduction
velocities of about 64 m/sec (36). In six experiments the technique of Wall
(37) was used to test the terminal excitability of these fibers during and after
stimulation of the corticospinal and rubrospinal tract. In five out of six
experiments stimulation did not affect terminal excitability. In one experi¬
ment a small change in terminal excitability of 20% was seen.








stim. 30 min. post CI
section
Time = 10 msec
Voltage = 200 pV (bottom left- 2mV)
FIG. 3. Persistent inhibition of the plantar reflex following prolonged intermittent bulbar
stimulation. Extreme left, control plantar reflexes. Middle left, plantar reflexes after stimu¬
lating bulbar reticular nuclei every 3 sec (200 msec, 100/sec, 0.2 msec, 200 p.A) for 1 hr.
Middle right, plantar reflexes 30 min after C1 section. Top right, segmental reflex follow¬
ing posterior tibial nerve stimulation.
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rubrospinal or corticospinal inhibition is due to P.A.D. The plantar moto¬
neuron was also ruled out as the target of inhibitory connections. Using
monosynaptic reflex testing of plantar motoneurons, we have consistently
found, as has been previously reported (35,41), that the plantar motoneurons
are facilitated, not inhibited, by stimulation of the rubrospinal or the cortico¬
spinal system. By exclusion, the source of plantar reflex inhibition is most
probably due to an action of the descending pathways on spinal interneurons.
In five experiments recordings were made from interneurons that are
monosynaptically and disynaptically activated by plantar pad stimulation
and are thought to be the interneuronal substrate of the reflex (36). In this
small series of experiments no inhibitory effects were found on neurons
monosynaptically activated by plantar stimulation. On several occasions,
units were found which (by their latencies) appear to be disynaptically
activated from the plantar pad and which ceased their discharge following
spinal or rubrospinal stimulation inhibitory to the plantar reflex. Such units
were inhibited for 10 to 15 sec when the inhibitory stimulus was repeated
three or four times at 3-sec intervals. As yet, the histology of these ex¬
periments is incomplete, but from previous findings of Egger and Wall (36)
the units probably lie in Rexed's (42) lamina IV and V.
The simplest way of explaining the plantar reflex inhibition is by direct
action on interneurons. The lamina IV and V region of the spinal cord is
of considerable interest to sensory physiologists, for it is here that there
are cell bodies that give rise to the spinocervical tract (14, 43). It is dif¬
ficult to conceive that the descending fibers are confined to interneurons of
the plantar reflex and the spread of such inhibitory effects within lamina
IV and V could cause interference with ascending sensory systems. It also
seems likely that P.A.D. may spread within fiber systems (44). A wider
effect on afferent systems must, for the moment, remain pure speculation,
for it is as yet unknown whether the mechanism of prolonged inhibition of
the plantar reflex is necessarily the same as the mechanism of short-term
inhibition. Yet it may not be entirely idle speculation and it could have
substantia] implications for these mechanisms that bring about prolonged
alterations in pain threshold. Although there is evidence that identifies the
spinal neurons that are directly connected to strictly nociceptive receptors
as lying only in lamina I (45), one of the most potent ways of blocking pain,
namely general anesthesia, is accompanied by an inhibition of dorsal horn
units in both lamina IV and V (46-49).
What then of the mechanism of prolonged change? Descending tracts
contain a very high percentage of small fibers. In the human pyramid more
than 90% of the fibers have diameters of between 1 and 4/x. As such fibers
branch and terminate they become even smaller. In this situation their
surface area becomes a very considerable proportion of their mass, and a
situation is created where loss of material from the fiber during activity can
become a significant factor in altering the extracellular environment of the
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terminal area. An example of this has recently been given by Krnjevic and
Morris (5 1), who have shown that D.R.P.'s are associated with an increase
in extracellular [K+] and this may be the reason for the long P.A.D. that
accompanied a D.R.P. During protracted activity in the small fibers of
descending systems such a loss of material could be a significant factor in
altering the functional state of interneurons and if the loss of material is
sufficiently large, such phenomenon as depolarization block could occur.
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NECK MUSCLE AND EXTRAOCULAR RECEPTORS
AND THEIR RELATIONSHIP TO THE TECTO¬
SPINAL TRACT
V. C. Abrahams, F. Rancier and P. K. Rose
Department of Physiology, Queen's University at
Kingston, Kingston, Ontario
Afferents from extraocular and neck muscles constitute the
richest projection to the superior colliculus. Sixty percent
of cells of origin of the tectospinal tract within the superior
colliculus are excited by this muscle afferent input. The
superior colliculus thus constitutes a site where a variety of
influences can be brought to bear on.the regulation of head
movement.
The regulation of head movement constitutes a special case of
postural control, for head movement must be integrated with eye
movement. Evidence has been obtained by Bizzi, Kalil and
Tagliasco (1971) that some combined head and eye movements are
integrated in such a way as to suggest that a central mechanism
develops patterned motor output simultaneously to neck muscles
and extraocular muscles, minimally controHed and corrected
during the execution of the movement. We now provide evidence
of connections within the superior colliculus that suggest that the
organization of such combined head and eye movement might be a
collicular function.
The extraocular muscles of the cat's eye are well provided
with receptors giving information about muscle length and load
(Bach-y-Rita and Ito, 1966). There has been little concrete
evidence as to what use might be made of such information by the
brain. There is no stretch reflex in extraocular muscles and
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most theories propose that these receptors are involved in
"subconscious nervous control of muscle contraction" (Bach-y-
Rita, 1971). The neck muscles of the cat are rich in muscle
spindles. In our own examination of rectus capitis major (one of
the dorsal muscles of the neck) spindle densities exceeding 57/gm
have been found, a density only exceeded in the interossei. Orig¬
inally assigned only a minor role in the regulation of posture,
evidence has been accumulating for more than a century that neck
muscle receptors may play a more important role, for damage
or interference with neck muscles or their nerves can lead to
widespread postural deficiencies extending beyond interference
with head movement (for review, see Abrahams, 197 2a).
In experiments on anaesthetized cats v/e have found that neck
muscle afferents relay to the superior colliculus and constitute
the single richest relay to this structure. More units in the
superior colliculus can be activated by stimulation of neck muscle
nerves than by a wide variety of visual stimuli (Abrahams and
Rose, 1972). We have further found that the projection of extra¬
ocular muscle, afferents to the superior colliculus is also particu¬
larly rich, and such connections are as abundant as neck muscle
projections (Rose and Abrahams, 1973). The .evidence that these
projections play a role in the organization of head movement comes
from an examination of the afferent connections of those units to
cells of origin of the tectospinal tract.
Anderson, Yoshida and Wilson (1971) identified two pathways
from the superior colliculus to the motoneurones of the neck, the
tectospinal pathway terminating on interneurones in the ventral
cervical cord, and the tectoreticulospinal which terminates
directly on motoneurones after synapsing in reticular nuclei.
Both pathways are disynaptic. Using the usual criteria of anti¬
dromic invasion we have identified cells of origin of the tecto¬
spinal tract within the superior colliculi. We have found that
about 60% of these cells can be fired by neck muscle or extra¬
ocular muscle afferents. These experiments demonstrate that
at the level of the superior colliculus eye and head muscle affer¬
ent activity can influence output to neck motoneurones via the
tectospinal pathway. What information concerning the head and
the eyes is conveyed to the superior colliculus is as yet unknown,
but we have found the projection to the superior colliculus from
neck muscles to be exclusively from afferents conducting with a
group II velocity.
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Vestibulospinal connections to neck motoneurones are mono¬
synaptic (Wilson and Yoshida, 1969), and thus might appear to be
pre-emptive. Receptors in neck muscles can inhibit or excite
vestibulospinal output at cervical levels (Gernandt and Gilman,
1959; Gernandt and Proler, 1965) and can suppress vestibulospinal
output at lumbosacral levels for several hundred msec. (Abrahams,
1972b). A central organization thus exists which could suspend
the dominant control of head position by labyrinthine structures
and allow the systems taking origin in extraocular and neck
muscle afferents to exert an extensive role in the control of head
movement.
Acknowledgement: Work supported by grants from the Medical
Research Council of Canada and Queen's University.
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MUSCLE SPINDLES IN THE DORSAL NECK MUSCLES OF THE CAT. F- Richmond''
and V.C. Abrahams, Department of Physiology, Queen's University at
Kingston, Ontario.
Afferents from the dorsal muscles of the neck constitute an imoortant
sensory system in the cat. They operate through collicular loops to
participate in the control of motoneurons of neck muscles and also cont¬
ribute to the integration of motor activity in the lumbosacral cord. So
far no study has been made of these receptors although the uniquely high
density of muscle spindles in neck muscles has caused comment. We have
now systematically examined the spindles of neck muscles in serial paraf¬
fin sections cut at 15p, and stained with Holmes silver stain.
Five dorsal muscles of the neck from each of three cats has been exam¬
ined. All the muscles insert on the lamboidal crest. Four, biventer
cervicis, splenius, complexus, and rectus capitis major, have their-ori¬
gin on cervical vertebrae. A fifth, occipitoscapularis, has its origin
on the scapula. With the exception of occipitoscapularis, the sdindie
index (spindles/gram tissue) has been found to be very high, with a range
of 40-96. Such high densities have only previously been observed in
such small specialized muscles as the extraocular muscles, or the small
muscles of the hand. Because of the relatively high weights of the neck
muscles, the total numbers of spindles in neck muscles were extraordinar¬
ily high, and in one biventer cervicis, were found to exceed 170 (this
compares with reported figures of 55 in soleus and 100 in rectus femo-
ris). Occipitoscapularis was found to have a spindle index of 13, an
index similar to that reported in the large muscles of the leg.
The spindles had varying distribution patterns. In thin sheet-like
muscles such as splenius, the spindles were found quite evenly across the
core of the muscle. In muscles such as biventer cervicis, the spindles
were unevenly distributed, being abundant in some muscle fibre bundles
and absent from other bundles. Various kinds of morphological attach¬
ments were observed between spindles, including tandem arrangements of
two or more spindles, occasional parallel spindles and frequent mechani¬
cal contact of spindle capsules.
MRC studentship
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AFFERENT CONNECTIONS TO SYSTEMS DESCENDING TO NECK MOTONEURONS.
P.K1 Rose" and V.C. Abrahams, Department of Physiology, Queen's
University at Kingston, Ontario.
Two pathways take origin in the superior colliculus and terminate on
the motoneurons of the neck. One, the tectospinal tract, has an inter¬
mediate synapse on a spinal intemeuron, and the second, the tecto-
reticulospinal pathway has an intermediate synapse in the pontine and
medullary reticular system. We have identified cells of origin of the
tectospinal system within the superior colliculus by antidromic activa¬
tion and by the collision technique. More than 50% of the cells of
origin of the tectospinal tract have afferent connections from visual,
neck muscle and extraocular muscle afferents. Thus, a loop exists
which originates from neck muscle afferents, projects to the superior
colliculus, and terminates in neck muscle motoneurons via the tecto¬
spinal tract. Activity in the loop may be modified in the SC by input
from the retina and from receptors capable of giving information with
respect to eye position. Cells have also been identified in the
superior colliculus which are antidromically activated by stimulation
in pontine and medullary reticular nuclei and thus might be cells of
origin of the tecto-reticulospinal system. The connections to these
cells also include retinal, extraocular muscle and neck muscle afferent
projections. So far, there appear to be no differences in the afferent
connection of the 2 pathways from the superior colliculus and the impor¬
tant differences seem confined to their output routes, namely their in¬
termediate synaptic arrangements.
The spinal synapse in the tectospinal system will be available only
to intraspinal systems and to those descending systems that terminate
in the upper cervical cord upon appropriate interneurons. The tecto-
reticulospinal input is accessible to the wide variety of reticular
afferent connection, but protected from much of the intraspinal connec¬
tions . Thus this dual system allows the superior colliculus to either
act essentially as a final common pathway for control of neck moto¬
neurons through the tectospinal tract, or to bring influence to bear on
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Proprioceptive and retinal afferent projections to the superior
colliculus of the cat and their connexions to the tectospinal tract
By V. C. Abrahams, F. Richmond and P. K. Rose. Department of
Physiology, Queen's University, Kingston, Ontario, Canada K7L 3N6
Muscle receptors are assumed to play a role in the execution of most
movements. One exception is combined head and eye movement which
appear to be controlled by the visual and vestibular systems. Evidence is
now provided that muscle receptors in the cat may play a vital role^n co¬
ordinating head and eye movement.
The dorsal muscles of the cat neck have a remarkable spindle content.
We have found the average spindle index (spindles/gramme) to range from
57 to 90 compared with 10-25 for other large skeletal muscle. Output from
these spindles connects to one descending tract uniquely concerned with
head movement, the tectospinal tract. Taking origin in the superior
colliculus, the tract is distributed to the upper cervical cord. Cells of origin
of the tectospinal tract were identified by antidromic stimulation. More
than 60 % of these cells could be excited by electrical stimulation of neck
muscle afferents at strengths appropriate to spindle afferent excitation.
Seventy-five per cent of these same cells received retinal afferent connex¬
ion. Thus, the superior colliculus contains the output cells of a loop to
neck motoneurones taking origin in neck muscle receptors and the retina.
This looping collicular system is also under the influence of extraocular
muscle receptors. Electrical stimulation of extraocular muscle nerves
excited 80% of tectospinal cells receiving visual and neck muscle afferent
input. Some insight into the possible role of this system was obtained in
experiments in which controlled stretches were applied to the lateral rectus
muscle or to the eye. Unit activity recorded in the superior colliculus was
found to signal that- the eye was approaching or had reached the normal
limits of its travel. These characteristics of the extraocular projection
system together with the known characteristics of the retinal projection
suggests that the superior colliculus acting through the tectospinal tract
can initiate head movement when the eye is at its own movement limit.
F.R. and P.K.R. were supported by the M.R.C. of Canada.
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BASIC PHYSIOLOGY OF THE
HEAD-EYE MOVEMENT SYSTEMf
V. C. Abrahams, F. Richmond and P. K. Rose
To a substantial degree the head-movement system is synergistic to and integrated
with the oculomotor system. While the oculomotor system has been thoroughly exam¬
ined, the head movement system has been relatively neglected. We have examined
the physiology of some of the component parts of the head movement system in
the cat. This includes typing the muscles most directly concerned with head movement,
examining the morphology and distribution of the receptors of these muscles, and
examining the ascending projections from these muscle receptors and their relationship
to descending systems to the motoneurons of the neck.
Five pairs of dorsal neck muscles insert on the lamboidal crest in the cat and
serve to elevate and turn the head. Using the histochemical technique for ATPase
(Padykula and Herman, 1955), we found that the ratio of dark (fast) to light (slow)
staining fibres varied within the five muscles (Abrahams and Rancier, 1973). Table
1 illustrates this data. More extensive histochemical testing has shown that as in other
cat muscles, fast fibres of neck muscle can be further divided into two types, implying
that three functional types of neck motoneurons exist (Burke et al., 1971; Burke et
al., 1973).
Table 1. Weights of Neck Muscles in the Cat and the Ratio of Dark to Light ATPase Staining
in Individual Fibres of the Muscles
Muscle weights, g Dark/Light
Mean n S.E.M.
% total
mass Mean n S.E.M.
Occipitoscapularis 0.672 6 0.12 6 0.69 8 0.06
Splcnius 3.66 6 0.60 34 2.64 8 0.19
Biventer cervicis 2.74 6 0.40 25 0.717 10 0.05
Complexus 2.90 6 0.42 27 1.26 7 0.026
Rectus Captis major 0.913 6 0.14 8 2.68 7 0.19
Neck muscles have long been known to be extraordinarily rich in their spindle
density. Data obtained from human material by Voss (1958), and by Cooper and
Daniel (1963), showed that neck muscles have the highest density of muscle spindles
in the body. We have examined neck-muscle spindles in serial sections cut from the
five dorsal neck muscles of the cat previously referred to. Except in occipitoscapularis,
spindle density is very high, ranging from 46 to 106/g. Occipitoscapularis has a density
t Work supported by the Medical Research Council of Canada.
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comparable to hind leg muscles in the cat of 13-18/g (Table 2). Spindle types found
include single and tandem spindles, multiple arrays, and dyads with both spindles
and Golgi organs in apposition.
Table 2. Spindles of Dorsal Neck Muscles. Each Pair
of Figures was Taken from an Individual Muscle
Absolute number Density
Muscle of spindles (spindles/g)















The spinal and medullary course of Gp I and II afferents from neck muscles has
been examined in chloralose anaesthetized cat. Fibres were found to enter the dorsola¬
teral part of the dorsal column system as predicted by the known anatomy (Imai
and Kusama, 1969; Kerr, 1972). Group I and II primary afferents were sparsely distri¬
buted in the ventral portion of the cuneate nucleus, and also in a narrow strip between
the spinal tract and the spinal nucleus of the trigeminal nerve. They were most abundant
in the area of subnucleus gelatinosa of the spinal nucleus of the trigeminal nerve
where they synapse within 2 or 3 mm of the obex.
While the ascending course of neck muscle afferent system beyond the spinal nucleus
of the trigeminal nerve is not entirely clear, one major central projection is to the
superior colliculus (Abrahams and Rose, 1975).
Like the visual projection to the superior colliculus, the neck muscle afferent projec¬
tion is distributed to all layers of the superior colliculus and most units excited by
neck muscle afferents may also be excited by a brief flash of light. These units are
also excited by extraocular muscle afferent projections. The muscle afferent projections
from the neck and extraocular system do not constitute the sole proprioceptive projec¬
tions to the superior colliculus and a less dense projection exists from both the fore
and hind leg.
Both the tectospinal tract and the tectoreticular tract are disynaptically connected
to neck motoneurons (Anderson et al„ 1971). Antidromic excitation has been used
to identify cells of origin of the tectospinal tract within the superior colliculus and
the sensory input to these cells have been examined. Table 3 shows that the majority
of tectospinal cells receive input from neck and extraocular muscle afferents and from
the retina, as do cells of origin of the tectoreticular system.
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The head-movement system therefore includes a loop with afferents from neck muscle,
extraocular muscle and the retina converging on the superior colliculus where they
excite cells disynaptically connected to motoneurons of the neck.
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Total number of units 57
This collicular system can alter neck motoneuron excitability as a result of the
eye movement and position. The eyes of chloralose anaesthetized cats have been passi¬
vely moved using a shaker controlled by a function generator. Such movements activate
units in the superior colliculus which regularly fire in a brief burst when the eye
reaches a certain displacement. Providing a certain minimal velocity is exceeded, the
discharge occurs regularly at a fixed eye displacement. A histogram (Fig. 1) relates
unit firing to the minimum deflection from the centre of gaze and shows that the
system tends to signal large eye excursions. The previous experiments would suggest
MINIMUM ROTATION REQUIRED
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Fig. 1. Histogram showing eye displacement required to excite individual units of the superior colliculus.
Velocity of displacement lOOmm/s.
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that some of the cells responding to eye movement are cells of origin of the tectospinal
and tectoreticulospinal tracts. The superior colliculus of the cat thus has the potential
for the impulse traffic to neck motoneurons to be initiated when the eye reaches
a new position. Since it is well known that the preferred visual stimulus is an object
moving away from the fovea, it would seem that the superior colliculus can initiate
head movements when eye movement is no longer able to secure foveation. The
role of the neck muscle afferents may be in the control of such movements once
initiated.
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F. RICHMOND * and V.C. ABRAHAMS. Department
of Physiology, Queen's University, Kingston,
Ontario. Fnzvme distribution in extrafusal
fibres of cat dorsal neck muscles.
Head movements involve specialized central
and peripheral mechanisms. To date, however,
the functional characteristics of muscles most
directly concerned with head movement have not
yet beer, systematically examined. We found
previously that the ratio of fast/slow fibres
in five dorsal pairs of muscles of the cat
varied so that individual muscles fell into
one of three categories. Serial sections
have now been examined from the same five
muscles, stained for each of 5 enzymes - SDH,
DPh'.H, ATPase, acid stable ATPase and alkali
stable ATPase. The histochemical profile so
obtained shows only three individual fibre
types, identical with those found by Burke in
cat gastrocnemius. Accepting Burke's data
for the correlation of histochemical profile
and functional type, Type B are slow fibres,
C are fast, fatigue resistant (FR) fibres and
A are fast rapidly fatigued (FF) fibres. The
ratio of fast/slow fibres was consistent and
agreed well with previous data. In all
muscled, FF fibres usually outnumbered FR
fibres and in splenitis and rectus capitis
major they were the most common fibre type.
However, the ratios of the FF/FR fibres was
highly variable in individual muscles of the
sane type.
(Support by M.R.C. is gratefully acknowledged)
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Fore- and hind-limb muscle afferent projections to the superior
colliculus of the cat
By V. C. Abrahams and P. K. Rose. Department of Physiology, Queen's
University, Kingston, Ontario K7L3N6, Canada
We have recently shown that muscle afferent input from neck muscles
mid from extraocular muscles constitutes a substantial relay to the superior
colliculus-of the cat (Abrahams & Rose, 1971).
A further proprioceptive projection to the superior colliculus of the cat
takes origin in fore- and hind-limb muscles. In cats anaesthetized with,
chloralose (60 mg/kg i.v.), electrical excitation of forelimb flexor muscle
nerves (deep radial nerve), hind-limb flexor muscle nerves (flexor digitorium
longus) and extensor muscle nerves (medial gastrocnemius nerve) all lead
to the appearance of unit discharge in the superior colliculus. Typically,
the responses show substantial habituation and for a consistent response to
he elicited in the superior colliculus the frequency of stimulus presentation
must be restricted. Short latency (10-40 msec) responses were found in
the deep layers of the superior colliculus and the underlying tegmentum,
and faithfully followed stimulation at once a second. Long latency (70-
160 msec) projections were distributed predominantly to the superficial
and intermediate layers of the superior colliculus and usually failed when
stimulation exceeded once every 4 sec.
Stimulus thresholds required to induce unit responses fell when repetitive
rather than single pulse stimuli were used. For 500/sec trains the fall in
threshold was complete after five stimuli. The threshold strength of these
stimulus trains necessary to elicit superior collicular unit responses was
sufficient to excite Group II afferents.
The spinal pathway followed by limb muscle afferent projections to
the superior colliculus was traced by examining the effects of partial
spinal sections on unit responsiveness in the superior colliculus. These
experiments identify the spinal course of ascending limb muscle afferent
connexions to the superior colliculus as the spinoreticular projection
to the lateral reticular nucleus and the lateral funiculus climbing fibre
spino-cerebellar pathway (Lundberg & Oscarsson, 1962; Larson, Miller &
Oscarsson, 1969). These pathways receive input from all four limbs as do
most units within the superior colliculus.
Many of the units responding to fore- and hind-limb muscle afferent in¬
put also responded to a flash of light and input from neck muscle afferents,
but the limb musclo afferent projection to the superior colliculus is less
abundant than either the retinal, or neck muscle afferent connexions. The
presence of such connexions to the superior colliculus is consistent with
a role of the superior colliculus in visually guided movement requiring
substantial bodily movement involving redirection of the head and trunk.
Supported by the Medical Research Council of Canada.
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MEDULLARY PROJECTIONS OF GROUP I AND II AFFERENTS FROM NECK MUSCLE IN THE
CAT. V.C. Abrahams and P.K. RoseV Department of Phvsiologv, Queen's
University, Kingston, Ontario, Canada K7L 3N6.
The medullary course of Group I and II afferents from the neck muscle,
biventer cervicis, were examined using conventional microelectrode
techniques. The most abundant medullarv projection is to the spinal
nucleus of the trigeminal nerve. Primary fibres ascend dorso-laterallv,
turn verrtrally and then terminate among cells with connections from
cutaneous receptors of the face. The second order cells from neck
muscle do not appear to have facial fields. Primary afferents also are
present in narrow bands between the external cuneate nucleus and the
spinal nucleus of the trigeminal nerve and in the ventral Dart of the
cuneate nucleus. In one experiment, substantial termination of Group I
and II primary afferents was found in the ventral cuneate nucleus
adjacent to units activated by light touch of the skin of the neck.
Primary afferents from neck muscle terminate within 2-3 mm of the obex
and do not appear to travel higher in the brain stem. Thus, neck muscle
afferents like forelimb muscle afferents have a cuneate projection, but
unlike other lower body proprioceptive projections also have a
substantial primarv input to the spinal trigeminal nucleus.
Supported by M.R.C. of Canada.
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Projections of Extraocular, Neck Muscle, and Retinal
Afferents to Superior Colliculus in the Cat: Their
Connections to Cells of Origin of Tectospinal Tract
V. C. ABRAHAMS and P. K. ROSE
Physiology Department, Queen's University, Kingston, Ontario, Canada K7L 3N6
the tectospinal tract of the cat only pro¬
jects to the tipper cervical segments (29, 30),
at which level connection is made to moto¬
neurons via interneurons (5). Consequently,
the tectospinal tract is one pathway whereby
the superior colliculus can participate in
the control of head movement.
The control of tectospinal tract cells is of
considerable interest for the understand¬
ing of the control of head movement. Con¬
trol of tectospinal tract cells will depend
on the nature of the projections to the
superior colliculus as well as the intrinsic
organization of the superior colliculus. The
experiments reported here describe some
projections to the superior colliculus that
excite tectospinal tract cells. One projection
is that from extraoctdar muscle afferents,
a projection which was first described in
goat (15), but which is also present in cat
(16) and sheep (25). The role of afferents
from extraocular muscles is not clear. Their
excitation does not give rise to a conven¬
tional moytatic reflex (22, 26), but to a weak
inverse myotatic reflex (7, 31). Their cen¬
tral projections are only partially known.
As well as the superior colliculus projec¬
tion, a cerebellar projection exists (9, 18)
which may be involved in control of sac¬
cadic eye movement (18).
Like extraocular muscle afferents, neck
muscle afferents are something of a curios¬
ity. Receptors in neck muscle do not play
a role in the well-known tonic neck and
compensatory eye reflexes of the decerebrate
cat (13, 27). Nonetheless, damage to neck
muscles or their nerves produce generalized
motor defects not confined to the execution
of head movement (for reviews, see ref 2,
Received for publication March 20, 1974.
10), and neck muscle afferents are the source
of powerful spinospinal interactions (1). It
has now been found that neck muscle affer¬
ents give rise to a major projection to the
superior colliculus where, together with
afferents from extraocular muscles and the
retina, they terminate on cells of origin of
the tectospinal tract.
METHODS
Experiments were performed on 59 adult cats
weighing 2.5-3.8 kg; 50 were anesthetized with
chloralose (60 mg/kg administered intravenously
after the induction of anesthesia by ethyl chlo¬
ride and ether), and 9 were anesthetized with
sodium thiopental (Pentothal, Abbott), with the
initial dose of 40-50 mg/kg administered intra-
peritoneally and supplemented as required. Just
prior to electrical recording the animals were
paralyzed with gallamine triethiodide (Flaxedil,
Poulenc). The animal was then artificially ven¬
tilated and a bilateral pneumothorax made. In
early experiments, blood pressure was continu¬
ously monitored by a Statham gauge (P23d)
connected to a femoral arterial catheter and
end-tidal Pco., was also monitored. The tem¬
perature of the animal was maintained between
37 and 39°C using either a heating blanket or
a heated operating table. The eyes were pro¬
tected with a +2 diopter contact lens and
focused on a projection screen placed from
30 to 100 cm in front of the cat (17).
In all experiments, after branches of the C2
and C3 nerves to the neck muscle, biventer
cervicis, were exposed, fine bipolar platinum
hook stimulating electrodes were placed in posi¬
tion on the nerves and secured with low-melting
point (39"C) paraffin wax. In 22 experiments,
the branch of the Illrd nerve, which innervates
the inferior oblique muscle, and the branch of
the Vlth nerve, which innervates the lateral
rectus muscle, were exposed in the orbit after
enucleating one eye. Bipolar platinum stimulat-
10
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ing electrodes were placed under each nerve,
and secured with the low-melting point paraffin
wax. A laminectomy was performed between
Cj and C4 in 28 experiments so that the tecto¬
spinal tract could be stimulated.
Stimuli to the neck and extraocular muscle
nerves were single rectangular pulses 0.05 ms in
duration and usually of 5-10 V in magnitude,
although the nerve to the inferior oblique often
required voltages above this for its excitation.
The ventral cervical cord was stimulated through
either a monopolar tungsten microelectrode
(Haer, type 25-10-3) or a bipolar stainless steel
electrode (David Kopf, type SCE-100) using a
constant-current unit (Tektronix, type 2620).
When monopolar stimulation was used, an in¬
different electrode was clipped to the muscles of
the neck adjacent to the tungsten electrode.
Various types of visual stimuli were used. In
some experiments moving shapes were projected
onto the screen. Rectangular shapes (slits, etc.)
were formed by a rectangular diaphragm placed
in a Leitz projector; circular shapes were pro¬
jected from 2 inch x 2 inch slides. Movement
was produced by first projecting the images onto
a flat mirror mounted on a pen motor driven by
a function generator (Krohn-Hite, model 5100A).
Thus, the velocity and position of the moving
image reflected onto the screen was readily con¬
trolled. Another visual stimulus that was used
consisted of 2-ms flashes generated with a pre-
focused bulb subtending 2° of arc and carried
on a mount which could be placed anywhere
in the visual field. If at any time the flash alone
was regarded as an inadequate stimulus, a flash¬
light pointer was used to produce moving visual
stimuli. The room lighting was subdued during
visual stimulation. Because responses rapidly
attenuated, the frequency of stimulus presenta¬
tion was kept in the range of 4-15/min.
The conduction velocity of neck muscle affer-
ents relaying to the superior colliculus was
measured by recording compound action poten¬
tials at the entry point of the appropriate cervi¬
cal dorsal root with a tungsten microelectrode.
Extracellular unit activity within the superior
colliculus was recorded using tungsten micro-
electrodes (Haer, type 25-10-3) introduced stereo-
taxically. Conventional amplification and display
techniques were used. Since spontaneous activity
was rarely recorded, the microelectrode was ad¬
vanced into the superior colliculus during repeti¬
tive (15/min) presentation of a visual stimulus.
When the electrode entered the deep layers of
the superior colliculus and the tegmentum,
where visual responses became less common,
muscle nerve stimulus was alternated with the
visual stimulus. Each unit encountered was
tested for responsiveness to visual stimuli and
to stimulation of muscle nerves. On completion
of each electrode penetration, the deepest posi¬
tion was marked by a small lesion made by pass¬
ing 50-100 uA through the recording electrode
for 1-2 s.
In 22 experiments units antidromically acti¬
vated from the cervical cord were examined. A
recording microelectrode was advanced through
the superior colliculus while the contralateral
ventral cervical cord was stimulated once a
second. The criteria of antidromic activation
employed included short constant latency, abil¬
ity to follow paired stimuli at 2-ms intervals,
and extinction by collision with orthodromic
impulses.
At the end of each experiment the brain was
perfused with normal saline, and then with 25%
formaldehyde in saline. Serial sections, 30 nm in
thickness, were cut on a freezing microtome and
stained for fibers and cells (23). The location of
each recording site was established by referral
to the lesion identifying the terminal point of
each track. The location of the stimulating elec¬
trode in the ventral cervical cord was also identi¬
fied histologically. Units were assigned to three
major divisions of the superior colliculus; the
superficial (stratum zonale, superficiale, and
opticum), intermediate (stratum griseum inter-
mediale and album intermediale), and deep
layers (stratum profundum), using the anatomi¬
cal criteria of Ramdn y Cajal (12) and Szekely
(35). Since the colliculotegmental border cannot
be clearly defined in the cat (32), units which
were ventral to a line extending horizontally
from the lateralmost margin of the periaqueduc¬
tal gray were arbitrarily assigned to the tegmen¬
tum.
RESULTS
In the first 20 experiments with chloralose
anesthesia and in the 9 experiments with
Pentothal anesthesia, it was found that any
unit that was activated by a moving visual
target could also be activated by a 2-ms flash
in the appropriate part of the visual field.
The flash was employed as a visual stimulus
in the remainder of the experiments.
Neck muscle nerve stimulation is more
effective in exciting superior collicular units
than a visual stimulus. In a series of 28
experiments on chloralose-anesthetized cats,
145 units were tested with both visual and
neck muscle afferent stimulation. The visual
stimulus activated 107 units (74%), but
124 (86%) responded to biventer cervicis
nerve stimulation. In a further 13 experi¬
ments, 93 units were tested for their respon-
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siveness to extraocular muscle nerve stimu¬
lation as well as to visual and neck muscle
nerve stimulation. Extraocular muscle affer-
ents proved slightly more effective in acti¬
vating superior collicular units than neck
muscle afferent stimulation. Extraocular
muscle afferent stimulation excited 91 units,
neck muscle afferents 85 units. As Table 1
shows, there is considerable convergence
on superior collicular units and 61 of the
93 tested (66%) responded to neck and
extraocular muscle nerve stimulation and
to visual stimulation. When a unit re¬
sponded to only two kinds of stimuli,
these were almost always both types of
muscle afferents. No units in this series were
found that responded only to neck muscle
and retinal stimulation.
Convergence was also found within each
type of muscle afferent stimulation. Of 66
units tested, 54 (82%) responded to both
inferior oblique and lateral rectus nerve
stimulation. The biventer cervicis muscle,
like the other large dorsal muscles of the
neck, has multiple innervation, with
branches going to the same muscle from
two or more cervical segments (3). Stimula¬
tion of each of these branches always acti¬
vated the same superior collicular unit.
The neck muscle projection is largely bi¬
lateral and 108 of 124 units (87%) re¬
sponded to both ipsilateral and contralateral
nerve stimulation. The remaining 16 units
in this series responded only to unilateral
stimidation, 9 being ipsilaterally activated
and 7 being contralaterally activated.
Units responding to biventer cervicis
muscle afferent stimulation fell into three
table 1. Convergence of retinal,
extraocular, and neck muscle afjercnts








2 Extraocular and visual 3
Neck and extraocular 23




Total no. of units 93
groups. Some units had a short latency (10-
50 ms), some a long latency (80-140 ms), and
the remainder fired twice (Fig. 1 A, B, and
C). As Fig. 1 shows, paired firing appeared
to be a combination of an early and a late
discharge. Short-latency units faithfully
followed stimulus frequencies up to a max¬
imum of 1/s, but the long-latency responses
only followed reliably when stimulus pre¬
sentation did not occur more often than
15/min. The short-latency response in
paired firing appeared following stimula¬
tion at 1 /s, but the late response then
dropped out and only appeared regularly
when stimulus-repetition intervals were in¬
creased to 4 s or more.
Units responsive to neck and extraocular
muscle nerve stimulation are widely distrib¬
uted throughout the superior colliculus.
No orderly pattern coidd be demonstrated
within the superior colliculus linking stim¬
ulus to recording site except when the dis¬
tribution of units was examined on the
basis of their firing patterns and latencies.
Units responding to biventer cervicis nerve
stimulation then showed a clear spatial
patterning. Long-latency units predomi¬
nated in the superficial layers and were very
rare in the tegmentum, and short-latency
units predominated in the tegmentum (Fig.
2). Units responding with paired discharge
were fairly evenly distributed throughout
the superior colliculus but were less com¬
mon in the tegmentum. Units activated by
extraocular muscle afferents were mainly
found in the various layers of the superior
colliculus and only 7% were found in the
tegmentum. Extraocular muscle afferent
stimulation normally produced discharge
after long latencies and the small propor¬
tion of short-latency units were evenly dis¬
tributed in the superior colliculus (Fig. 2C
and D). Paired firing to extraocular muscle
nerve stimulation was evenly distributed
except that lateral rectus-activated units
were more common in the superficial layers
of the superior colliculus.
The tectospinal tract projects exclusively
to the contralateral ventromedial upper
cervical cord (29, 30). Stimulation of this
region of ventromedial cervical cord led to
the appearance of antidromic unit poten¬
tials distributed in the intermediate and
deep layers of the superior colliculus and












fig. 1. Filing patterns and latency histograms of 116 units responding to biventer cervicis muscle stimu¬
lation. A: early discharge; B: late discharge; C: paired firing.
tegmentum. The potentials were virtually
identical with those described by Bishop
et al. (11) in the lateral geniculate body
following oj^tic radiation stimulation. As
the microelectrode was advanced into the
superior colliculus, a low-amplitude field
potential was recorded. This would
abruptly give way to a unitary potential
of several hundred microvolts (Fig. 3).
These unitary potentials consisted of an
early stable negative potential (the initial
segment potential), and a biphasic wave of
variable latency (11).
A total of 218 tectospinal tract units were
examined in 22 experiments; 130 units
(60%) were located with the stimulating
electrode between the first and second cervi¬
cal roots, 88 units (10%) with the electrode
in the third cervical segment. Latencies
from Cj segment ranged from 0.40 to 4.50
rns, with a mean of 0.92 ± 0.05 ms (SEM).
Assuming a conduction distance of 5 an, the
mean conduction velocity is 54 m/s, with
a range of 11-125 m/s. Latencies from the
C3 segment were 1.22 ± 0.07 ms (SEM),
with a range from 0.50 to 3.90 ms. Assuming
a 1-cm additional conduction distance, the
mean conduction velocity is 49 m/s, range
15-120 m/s. Cells of origin of the tecto¬
spinal tract were widely distributed through
the superior colliculus from the anterior
to the posterior borders (Fig. 4). Most cells
14 V. C. ABRAHAMS AND P. K. ROSE
fig. 2. Plot to illustrate distribution of unit discharge in superior colliculus with respect to latency,
modality, and recording site. A: ipsilateral neck muscle nerve stimulation (127 units); B: contralateral
neck muscle nerve stimulation (116 units); C: ipsilateral inferior oblique nerve stimulation (67 units); D:
ipsilateral lateral rectus nerve stimulation (70 units). L, long-latency responses; S, short-latency responses;
P, paired responses. Su, superficial layers of superior colliculus; X, intermediate layers of superior colliculus;
D, deep layers of superior colliculus; T, tegmentum. The ordinate scale has been adjusted so that 1.0 =
100% of units in that anatomically defined layer responding to the stimulus modality.
(88%) were evenly distributed in the inter¬
mediate and deep layers; 10 cells (5%) were
in the superficial layers and 16 cells (7%) in
the tegmentum.
Of 218 tectospinal tract cells, 160 were
examined for input from visual and neck
muscle afferents; 99 (62%) could be driven
by neck muscle afferent stimulation and 89
(56%) by visual stimuli. As usual there was
considerable convergence and, 75 units
(47%) were activated by both visual and
neck muscle afferent stimuli; 24% of units
tested responded only to one of the two
stimuli, 24 (15%) to neck muscle afferent
stimulation, and 14 (9%) to flash. A sub¬
stantial number of tectospinal tract cells
responded to neither neck muscle nerve
stimulation nor visual stimuli.
Fifty-seven tectospinal tract cells were
tested with all three types of stimuli em-
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fig. 3. Antidromic response in superior colliculus
following stimulation of ventromedial funiculus of
upper cervical spinal cord. Repetition rate 50/s.
Response consists of an early negative potential
whose latency is consistent (A) and a late biphasic
negative positive potential whose latency varies
(B). Even at these relatively low repetitive rates,
antidromic firing is not alway seen (C). Time mark,
0.1 ms.
ployed in these experiments, and 32% of
these units proved inexcitable. As shown in
Table 2, convergence is considerable and
27 (47%) of these cells responded to all
three stimulus types. The firing patterns of
tectospinal tract cells showed the same three
patterns of response as other superior col-
licular units, and their adaptation patterns
also paralleled other superior collicular
units.
The neck muscle projection to the su¬
perior colliculus was examined in nine cats
anesthetized with Pentothal. The character¬
istics of the relay were similar in many re¬
spects to those found in chloralose-anesthe-
tized cats. Of 49 units found in these
experiments, 35 (71%) could be excited by
stimulation of biventer cervicis muscle
nerves, 32 (65%) responding to bilateral
stimulation and 3 (6%) to ipsilateral stim¬
ulation. One major difference was found
between the chloralose-anesthetized cat and
the Pentothal-anesthetized cat. In the deep
layers of the chloralose-anesthetized cat
there is equal distribution of long- and
short-latency units; under Pentothal 90% of
units were short latency.
The conduction velocity of biventer cer¬
vicis muscle afferents projecting to the su¬
perior colliculus was estimated in six
experiments in chloralose-anesthetized cats.
In all six experiments, when superior col¬
licular unit activity followed biventer cer¬
vicis nerve stimulation it was of sufficient
strength to activate fibers conducting with
a velocity (at a nerve temperature of 34°C)
of 30-70 m/s.
DISCUSSION
The present experiments show that in the
cat afferent projections from neck and ex¬
traocular muscles to the superior colliculus
are more extensive than visual projections.
In stating this it should be remembered
that the experimental protocol contains a
built-in bias in favor of retinally activated
cells, for the normal stimulus used in ex¬
ploration was a visual stimulus. This means
that some units inexcitable to a visual stim¬
ulus but excitable by a muscle afferent
stimulus would be missed. It should also be
emphasized that the flash stimulus, while
producing a less vigorous superior collicu¬
lar discharge than an appropriate moving
stimulus (28, 33, 34) was, in our experience,
fig. 4. Scries of representative sections through
the superior colliculus to show the location of cells
of origin of the tectospinal tract, identified by anti¬
dromic excitation. Top dotted line indicates
boundary between superficial and intermediate
layer; bottom dotted line, the boundary between
intermediate and deep layers.
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table 2. Convergence on cells of









2 Extraocular and visual 3
Neck and visual 2
1 Extraocular 2
Visual 5
Unresponsive to orthodromic stimuli 18
Total no. of units 57
capable of activating every unit that could
be activated by a moving stimulus. It is
unlikely that the sample of visually acti¬
vated cells was reduced by restricting the
visual stimuli in later experiments to a
flash. Other details in the conduct of this
type of experiment will substantially affect
the sample of units obtained. The choice of
anesthetic agent is important, as exemplified
by the fact that units responding at a long
latency following neck muscle afferent stim¬
uli were uncommon in the deep layers in
Pentothal-anesthetized animals. The details
of the protocol too will affect the sample,
for stimulus presentations more frequent
than 15/min will reduce the observed pop¬
ulation of long-latency responses.
There seems little doubt that the neck
muscle afferent projection to the superior
colliculus follows two pathways, a relatively
short-latency pathway projecting primarily
(but not exclusively) to the deep layers of
the superior colliculus and the neighboring
tegmentum and a long-latency pathway pre¬
dominantly projecting to the superficial
layers. Cells responding with paired dis¬
charge act as though innervated by both
pathways. Responses to cutaneous stimula¬
tion recorded in the superior colliculus also
occur at either short or long latencies (20,
21). Evidence has been obtained that the
long-latency cutaneous pathway is depen¬
dent on the integrity of the ipsilateral vi¬
sual cortex. Long-latency cutaneous re¬
sponses in the superior colliculus are lost
following ablation of the ipsilateral visual
cortex or the topical application of KC1 to
the visual cortex (29). Neck muscle afferents
do project to the cortex (24), and the long-
latency pathway to the superior colliculus
may reflect a long intracerebral route. Ex¬
traocular muscle afferent projections are
more uniformly long latency and evenly dis- v
tributed through the superior colliculus.
The projections from both neck and extra¬
ocular muscle show considerable conver¬
gence with each other and with retinal
projections. The superior colliculus is a
synaptic junction in a looping pathway, for
among the cells that are excited by these
afferent projections are a high proportion
of the cells of origin of the tectospinal tract.
The distribution of tectospinal tract cells
shows that both deep and intermediate
layers of the superior colliculus are output
layers which have the potential for affecting
head movement.
The existence of a rich projection to the
superior colliculus from neck and extra¬
ocular muscle afferents fits well with the
idea that the superior colliculus plays a
role in the control of head and eye move¬
ment, a view of superior collicular function
which has received experimental support
for many years (6, 19). Our experiments
shed no light on what information might
be conveyed to the superior colliculus from
muscle afferent systems. Neck muscles in
both man (14, 36) and cat (4) are uniquely
rich in spindles and contain the largest
number of any muscles in the body. We
have found the spindle density in dorsal
neck muscles of the cat to range from 46 to
106/g, with individual muscles containing
more than 250 spindles (4). The conduction-
velocity experiments show that unit dis¬
charge in the superior colliculus occurs
when group II fibers are activated, suggest¬
ing that the origin of the neck muscle affer¬
ents are spindle secondaries. While there
are no muscle spindles in cat extraocular
muscle, the receptors that are present have
sensory properties similar to both muscle
spindles and tendon organs (8), and thus
can signal eye position and movement.
However, given the long latency and un¬
certainty of conduction in the projections to
the superior colliculus, it is unclear how
much of the original signal from muscle re¬
ceptors is preserved and conveyed to the
superior colliculus. The present experi¬
ments do however extend the possible range
of function of extraocular muscle receptors,
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and show that they may play some role in
the control of head movement through the
tectospinal tract.
SUMMARY
Unit recordings were made in the supe¬
rior colliculus of cats anesthetized with
chloralose and with Pentothal. Electrical
stimulation of extraocular muscle afferents
and neck muscle afferents excited more
units in the superior colliculus than did a
variety of moving and stationary visual
stimuli.
Units responding to neck muscle afferent
stimulation fell into three populations; one
population firing with a short latency and
following stimulus presentation up to 1/s,
a second population with a long latency
and following stimulus presentation at fre¬
quencies lower than 15/min, and a third
population exhibiting paired firing. The
latencies and firing patterns of the third
population combined the characteristics of
each of the first two patterns. It is sug¬
gested that these characteristics of unit dis¬
charges stem from the existence of two path¬
ways from neck muscle afferents to the
superior colliculus. The projection is pre¬
dominantly bilateral.
Units responding to neck muscle afferent
stimulation are distributed throughout the
superior colliculus on the basis of their
latencies. Long-latency responses predomi¬
nate in the superficial layers of the superior
colliculus and short-latency responses, while
more common in the intermediate and deep
layers, predominate in the tegmentum.
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SUMMARY
1. Projections to the superior collicuius from fore and hind limb muscle
nerves have been examined.
2. Hind leg nerve stimulation at strengths sufficient to excite Group II
and III fibres elicited unit discharge in all layers of the superior colliculus
and underlying tegmentum.
3. Forelimb nerve stimulation excited units in all layers of the superior
colliculus and underlying tegmentum. Twenty per cent were activated by
stimulation below Group II threshold, the remainder by stimulation above
Group II threshold.
4. Most units activated by limb afferent nerve stimulation were also
activated by visual stimuli. There was considerable convergence from
both flexor and extensor nerves and most units were excited by stimulation
of nerves in more than one limb.
5. Units fired either with a short or long latency or with a paired dis¬
charge. Short latency units were most common in deep collicular layers
and the tegmentum, long latency units were most common in superficial
layers.
6. The spinal pathway of the afferents is mainly in the dorsolateral
quadrant contralateral to the recording site. The anatomical character¬
istics of the pathway are similar to the lateral funiculus climbing fibre-
spinocerebellar pathway.
INTRODUCTION
The superior colliculus (SC) of the cat receives input from a number of
non-visual systems. These include connexions from extraocular (Cooper,
* Present address: Department of Veterinary Physiology, Koyal (Dick) Veteri¬
nary College, Edinburgh, Scotland.
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Daniel & Whitteridge, 1955; Cooper & Fillenz, 1955; Abrahams, Rancier &
Rose, 1973; Abrahams & Rose, 1975), and neck nmscle afferents (Abra¬
hams & Rose, 1975), as well as connexions from the auditory (Straschill
& Hoffman, 1969; Stein & Arigbede, 1972; Gordon, 1973), and somato¬
sensory systems (Bell, Sierra, Buendia & Segundo, 1964; Jassik-Gerschen-
feld, 1965, 1966; Straschill & Hoffman, 1969; Stein & Arigbede, 1972;
Gordon, 1973). The extraocular and neck muscle projections constitute
one of the richest projections to the SC and electrical excitation of neck
muscle and extraocular muscle nerves can be a more effective stimulus to
unit discharge in the SC than visual stimulation (Abrahams & Rose, 1975).
The question that has now been examined is whether afferent pro¬
jections from neck and extraocular muscles to the SC are the only muscle
afferent projections to this structure, or whether they are part of a more
generalized projection to the SC from muscle afferent systems. Some evi¬
dence exists for such a generalized projection as limb movements have been
reported to initiate unit discharge in the SC of the cat (Gordon, 1973).
Preliminary reports have been given of the present findings (Abrahams &
Falchetto, 1966; Abrahams & Rose, 1972).
METHODS
Experiments were performed on forty-nine adult cats weighing 2-3-3-4 kg. All
animals were anaesthetized with chloralose (60 mg/kg) i.v. after the induction of
anaesthesia with ethyl chloride and ether. The animals were mounted on a stereo¬
taxic frame which enabled visual fields to be explored (La Precision Cinematogra-
phique, Asnieres, France). The occipital cortex over the SC was exposed to permit
the introduction of a tungsten micro-electrode (Haer 25-10-3), and the bony defect
was covered with a low melting point (39° C) paraffin wax after the insertion of the
electrode into the surface layers of the cerebral cortex. Laminectomies were per¬
formed in the lower cervical, midthoracic and lumbar regions and pools were created
with skin flaps and filled with Silicone Medical Fluid (no. 360, Dow-Corning). At the
termination of surgery the animals were given Flaxedil (gallamine triethiodide,
Poulenc) artificially ventilated and a bilateral pneumothorax was performed. Body
temperature was maintained with a heating pad and warmed operating table.
The arrangements for visual stimulation were as previously described (Abrahams
& Rose, 1975), and consisted of brief (2 msec) flashes delivered through a prefocused
incandescent bulb located in the appropriate part of the visual field, 10 in. in front
of the cat. The eye was protected from drying by a x 2 D contact lens. The forelimb
flexor nerve, the deep radial (DR), the hind limb flexor nerve, flexor digitorium
longus (FDL), and the hind limb extensor nerve, medial gastrocnemius (MG) were
dissected and bipolar platinum stimulating electrodes placed on the nerves. The
electrodes were held in position by low melting point (39° C) paraffin wax. In some
experiments the C3 nerves to the biventer cervicis muscle in the neck (BC) were also
dissected free on both sides and prepared for stimulation.
Afferent volleys were monitored by bipolar recording electrodes placed on the
appropriate lumbar dorsal roots or on the sciatic nerve, and on the dorsal funiculus
in the lower cervical region. Stimulation strengths are expressed in multiples of the
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threshold voltage (T), necessary to elicit a barely detectable compound action
potential at the monitoring electrode.
The micro-electrode was advanced into the SC while presenting visual stimuli or
stimulating one of the muscle nerves. Because muscle afferent systems projecting
to the SC are characterized by rapid adaptation, stimulus repetition rates were kept
low, usually not exceeding 15/min during the search for unit responses. Each unit
encountered was tested for its responsiveness to all nerves prepared for stimulation
in that experiment. In experiments on the effects of stimulus repetition intervals, a
total of ten observations were made at any given stimulus interval. At the end of
each penetration the electrode position was marked with a small (about 100 /xxn)
lesion made by passing 50-100 fiA for 1 sec with the electrode as cathode.
The path of the hind limb and forelimb projection in the spinal cord was deter¬
mined by partial sections of the cord (cf. Oscarsson, 1973), at either T10 or C4. The
micro-electrode was first placed in the SC and single or multi-unit responses to fore
and hind limb stimulation obtained. Sequential transections of the spinal cord were
then performed. Sections of the cord were often found to lead to a temporary loss of
response. At least 1 hr was therefore allowed to elapse between each lesion and the
testing of responses in the SC to limb nerve stimulation. To ensure that any loss of
response was not due to functional failure within the SC, visual responses were
repeatedly tested and the data only accepted when unit responses to visual stimuli
were stable for the duration of the experiment.
Upon completion of micro-electrode recording the brain was perfused with saline
and formalin. Serial frozen sections were cut and stained with Luxol fast blue and
cresyl violet (Kliiver & Barrera, 1953), so that the lesions produced at the end of
each track could be located. The extent of the spinal cord section was determined by
inspection through a binocular operating microscope after formalin fixation of the
cord.
The classification of collicular and tegmental zones is that previously adopted
(Abrahams & Rose, 1975). The superficial layer included stratum zonale, super-
ficiale and opticum; the intermediate layer, stratum griseum intermediate and album
intermediate; the deep layer, stratum profundum. The colliculo-tegmental border was
arbitrarily defined as extending horizontally from the lateral extent of the peri¬
aqueductal gray, and units ventral to this line were regarded as tegmental.
RESULTS
Projections from hind limb muscle nerves to the SC
Firing patterns
Unit discharge was analysed in forty experiments following electrical
stimulation of hind leg muscle nerves. Such stimulation led to three
patterns of unit discharge within the SC and neighbouring tegmentum.
Most commonly, responses either had short latencies, ranging from 20-
50 msec (Fig. 1 A), or long latencies, ranging from 80 to 160 msec (Fig. 1B).
The third, ancl least common pattern of unit discharge (Fig. 10) was
a double burst of impulses. The double burst appeared to be a combination
of short and long latency responses. Table 1 contains data from 58 units
responding to MG stimulation showing that there is a relationship between
latency of response and the anatomical loaction of the unit. Short latency
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Fig. 1. Patterns of unit discharge recorded from SC following stimulation of
limb muscle afferent nerves in chloralose anaesthetized cats. A, short latency



















Fig. 2. Effect of stimulus interval on the probability of unit response in the
superior colliculus. A, long latency response to FDL stimulation; B, short
latency response to FDL stimulation.
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responses predominated in the tegmentum and in the deep layers of the
SC and long latency responses predominated in the superficial and inter¬
mediate layers of the SC. Paired responses were found in all layers of the
SC. Long latency units (and the long latency component of paired re¬
sponses) reliably followed stimulus presentations at intervals of 4 sec or
more and there was a tendency for following to deteriorate at more frequent
Table 1. Distribution of unit responses within the superior colliculus on the basis
of response latency
A Ipsilateral medial gastrocnemius
Location in SC Response
Short Long Paired Total
Superficial 1 13 1 15
Intermediate 1 10 4 15
Deep 6 4 4 14
Tegmentum 13 — 1 14
Total 21 27 10 58
B Contralateral medial gastrocnemius
Location in SC Response
Short Long Paired Total
Superficial 2 10 2 14
Intermediate 2 7 2 11
Deep 6 4 2 12
Tegmentum 14 — 1 15
Total 24 21 7 52
intervals (Pig. 2). When the interval between stimuli was reduced, the
responses became irregular. Short latency responses (and the short latency
component of paired responses) reliably followed stimulus presentations
down to 1 per sec or less (Pig. 2). These characteristics apply equally to
units responding to flexor and extensor nerve stimulation, and indeed
most units respond equally well to PDL and MG nerve stimulation. Of
fifty-seven units examined, 40 (70 %) received bilateral input.
Stimulus thresholds of fibres from hind leg muscle nerve projection to the SC.
Single shocks to hind leg muscle nerves will activate units in the SC if
high stimulus strengths are used. If a brief train of impulses is employed,
the threshold rapidly decreases to a low stable level. Fig. 3 illustrates the
effect of increasing the length of stimulus trains to FDL at a stimulus
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frequency of 500/sec on the threshold required to elicit unit activity in the
SC. It can be seen that at train lengths of 10 msec (5 impulses) or more,
threshold falls to a minimum. Flexor nerve threshold was lower than the
extensor nerve threshold and the minimum value of FDL threshold was
in the range of 2-5T and of MG thresholds in the range of 5-20T.
Spinal course of hindlimb muscle afferent projection to the SC.
In thirteen experiments in which stable single or multi-unit responses
were recorded in the SC following stimulation of muscle nerves in both
hind legs, progressive sections were made in the spinal cord. In nine experi¬
ments the sections were made at C4, and in four experiments the sections
were made at T10. The cardiovascular effects of the T10 section were
minimal, but this benefit was outweighed by the fact that sections at the
C4 level allowed simultaneous examination of the forelimb pathway (the
results of which are referred to in a separate section).
In all experiments, the first procedure was a complete transection of the
dorsal columns. Regardless of whether the units in the SC fired at short or
long latency, or were activated by low or high threshold fibres, transection
always resulted in a change in the unit firing pattern. Impulse frequency
fell and the burst was approximately doubled in duration. There was also
a slight increase in latency of approximately 25% (Fig. 4). These effects
were the same regardless of the latency of responses or the threshold of the
muscle afferent fibres.
In the four animals with cord section at T10, the cord was then hemi-
sectioned ipsilateral to the recording electrode. As Fig. 4C shows, hemi-
section did not abolish conduction, but led to a further dispersal of unit
discharge and responses became less certain. Hemisections performed in
five animals at the C4 level following dorsal column section had the same
results.
In two animals which had C4 hemisection and two animals with a T10
hemisection a further transection was made interrupting the remaining
ventral funiculus contralateral to the recording electrode. This was without
effect on the pattern of unit activity in the SC. The only portion of the
spinal cord in these four animals which was now intact was one dorsolateral
quadrant contralateral to the recording micro-electrode. In one of these
four animals, a further section was made interrupting the dorsolateral
funiculus but sparing part of the lateral funiculus. This section (within the
time course of the experiment) irreversibly abolished all unit responses in
the SC to hind limb muscle afferent stimulation.
To confirm the importance of the dorsolateral funiculi in conduction of
hind limb afferents to the SC, both dorsolateral funiculi were transected
in two animals with C4 dorsal column transections. This procedure sharply
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reduced the intensity of unit response in the SC, hut did not completely
abolish it.
These experiments strongly suggest that the spinal pathways from the
hind legs travel predominantly in the dorsolateral and lateral funiculi
contralateral to the recording electrode. Pig. 5 is a diagram showing the
major anatomical characteristics of a pathway which would account for
the experimental data.
1 5 10 15 20
Number of stimuli
Fig. 3. Effect of stimulus train length on stimulus strength needed to elicit
unit responses in the SC. Stimulation applied to FDL. T, stimulus strength
required to elicit a threshold compound action potential on the sciatic
nerve. Pulse frequency, 500/sec. Inset, diagrammatic cross-section of
superior colliculi. Dot indicates the recording site.
Forelimb muscle afferent projections to the SC
Firing patterns
In thirty-five experiments 107 units were found in the SC which could
be activated by stimulation of the DR nerve. The same three firing pat¬
terns followed DR nerve stimulation as followed hind limb muscle nerve
stimulation and the anatomical location with respect to latency and firing
pattern was also essentially the same. Paired firing was a more common
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Fig. 4. Effect of partial cord transection on the pattern of unit discharge in
the SC following stimulation of FDL ipsilateral and contralateral to the
recording electrode. Each set of responses was obtained from ten consecutive
stimulus trains (5 impulses/500 per sec) at 10 sec intervals. C, contralateral
to recording electrode; I, ipsilateral to recording electrode. Each dot is
caused by one unit spike. A, control before cord section; B, 1 hr after
dorsal column section; C, 1 hr after hemisection of remaining cord ipsilateral
to the recording electrode.
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response following DR nerve stimulation than with stimulation of hind
limb nerves, particularly when the contralateral nerve was stimulated. As
with the hind leg projection short latency responses consistently followed
stimulus presentation at 1/sec or less; long latency responses consistently
followed stimulation intervals exceeding 4 sec.
Fig. 5. Diagram to show probable spinal course of limb afferents to superior
colliculus. A, hind limb ascending pathway. B, forelimb ascending pathway.
The diagram shows convergence at spinal level and a supraspinal decussa¬
tion characteristic of limb muscle afferent pathways to the SC. C, con¬
tralateral to recording electrode; I, ipsilateral to recording electrode.
The forelimb muscle afferent projections to the SC, like the hind limb
limb muscle afferent projections, are bilateral. Eighty-one of the 100 units
examined were excited by both deep radial nerves regardless of firing
pattern exhibited by the unit or its anatomical location.
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Stimulus thresholds of forelimb muscle afferent nerve projection to the SC
As with the hind leg nerves, the use of a stimulus train decreased the
intensity of stimulation required to excite SC units but once train length
(at 500/sec) exceeded five impulses there was no further decrease in
threshold. Thresholds for units excited by DR nerve stimulation were
lower than those for the hind leg nerves and ranged between 1 and 5T, with
50 % of the units responding at 2T or less and 20 % firing at 1-5T or less.
Spinal course of forelimb muscle afferent projections to the SC
Nine of the thirteen cats used to study hind limb spinal pathways were
also used to study the forelimb pathway to the SC. Responses could be
recorded from all animals from stimulation of both DR nerves and in¬
cluded short, paired, and long latency responses and were obtained at
both low and high thresholds. Initially, the dorsal columns were transected
at C4. This led to a dispersal of unit discharge of the type illustrated in
Fig. 4. In five of the animals the cord was then hemisected ipsilateral to the
recording electrode, leading to a further dispersal of unit discharge without
interruption of conduction. In a sixth animal an incomplete ipsilateral
hemisection was performed which spared the ventral funiculus. In this
one animal there was an irreversible loss of response to stimulation of the
contralateral DR nerve.
In two of the five animals with cord hemisections, the contralateral
ventral funiculus was sectioned. This further section was without any
effect on responses to forelimb stimulation. In one of these two animals,
one dorsolateral funiculus was then sectioned, decreasing the response
contralateral to the recording electrode. It is concluded from these
experiments that the cervical course of the forelimb muscle afferent pro¬
jection, like the hind leg projection lies mainly in the dorsolateral and
lateral funiculi of the cord contralateral to the recording electrode.
Convergence between fore and hind limb projections and retinal afferents
Convergence between forelimb and hind limb muscle afferent projections
and retinal afferents within the SC was examined in thirty experiments.
Of seventy-seven units activated by a brief light flash 64 (83 %) were also
excited by stimulation of a forelimb muscle nerve. Twenty-nine units were
found that were not excited by the light flash, but which were excited by
stimulation of either of the DR nerves. Convergence between visually
excited units and hind leg muscle afferents was substantial, but not as
great as convergence with forelimb nerves and only 33 of 54 (61 %) visually
activated units responded to MG or FDD stimulation. Twenty-one units
were found in these experiments that could be activated by a flash but
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not by limb stimulation, and 18 units were found which were activated by
hind limb muscle afferent stimulation alone.
In twenty-five experiments convergence between the fore and hind
limb projections was examined. Twenty-five of thirty-one units (81 %)
tested received input from all four limbs and a further three units were
excited by stimulation of nerves in more than one limb.
Units responding to limb muscle nerve stimulation are less common in
the SC than are those responding to visual stimuli or to stimulation of neck
or extraocular muscle afferents. This is summarized in Table 2 which
provides quantitative information concerning the efficacy of various
afferents in eliciting unit discharge in the SC. Data from experiments on
extraocular and neck muscle afferents (Abrahams & Rose, 1975) has been
included. Almost exactly 75% of all cells encountered in experiments on
muscle afferents are visually excitable. The ratio of cells excited by muscle
afferent stimulation over visually excited cells (Nm/Nv) averages 1-17 and
only falls below unity (0-95) for cells excited by hind leg muscle afferents
(Table 2).
Table 2. Efficacy of visual and muscle afferent stimulation in eliciting unit dis¬
charges in the superior colliculus (this table includes data from Abrahams & Rose,
1975)
Muscle afferent input Ni N, Nn KINt NJK
Extraocular 93 68 91 0-73 1-34
Neck 145 107 124 0-74 116
Forelimb 100 77 93 0-73 1-21
Hind limb 72 54 51 0-75 0-95
Nt = total number of units.
N, = visually excited.
jVm = muscle afferent excited.
DISCUSSIOH
The SC of the cat has been previously shown to receive muscle afferent
input from extraocular muscles (Cooper & Fillenz, 1955; Abrahams &
Rose, 1972), and neck muscles (Abrahams & Rose, 1975). To this list of
muscle afferent projections must be added projections from both fore and
hind limbs. Numerically somewhat weaker than either the extraocular or
neck muscle afferent system, the projection is still considerable and shows
many characteristics in common with the neck muscle projection. The
same firing patterns have been observed, and the distribution within the
SC and tegmentum based on response latency is similar to that seen for
neck muscle afferents with short latency responses predominating in deep
layers, long latency in superficial layers (Abrahams & Rose, 1975).
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As with the neck muscle projection, the projection largely originates
with fibres of Group II and III thresholds. Group I fibres in the hind leg
of the cat are exclusively activated at stimulus strengths from 1 to 1-5T
(Perl, 1962). The thresholds in the hind leg in these experiments ranged
from 2 to 20T, a stimulus strength adequate to excite both Group II and
Group III fibres (Eccles & Lundberg, 1959). There is however a distinct
Group I component in the forelimb projection and about 20 % of units
respond to DR nerve stimulation as a result of Group I fibre activation.
The Group I fibres probably include some afferents from joint receptors
as well as spindle primaries (Burgess & Clark, 1969).
The afferent projection from limb muscle nerves is characterized by a
considerable convergence. Not only do many of the units respond to both
visual and muscle afferent stimuli, but they also usually respond to
stimuli to all four limbs. Such a degree of convergence could be due to a
multiplicity of muscle afferent pathways projecting to the SC. However,
most of the characteristics of the muscle afferent projection coincide with
those of a single pathway, the lateral funiculus climbing fibre pathway
(LF-CF-SCP) described by Larson, Miller & Oscarsson (1969). This path¬
way takes its origin in all four limbs and is activated by flexor reflex
afferents (FRA). Convergence within the pathway is considerable, and its
spinal course closely coincides with that reported here, occupying the
dorsal quadrant, with bilateral inputs, and a supraspinal decussation.
The conduction time in this pathway to the cerebellum is relatively slow,
17-27 msec from fore leg, 23-27 msec from hind leg. Spinal conduction is
fast and the slowing is thought to be due to multiple supraspinal synapses
(Larson et al. 1969). A relay to the SC from an early medullary synapse
would be adequate to account for the observed short latency responses to
the SC. The long latency responses in the SC have to be explained on the
existence of two intracerebral pathways from LF-CF-SCP to the SC.
Objections to considering the LF-CF-SCP as the limb muscle afferent
pathway to the SC come from a consideration of the cutaneous projections
to the SC. If convergence from FRA within the LF-CF-SCP occurs below
the medulla and within the spinal cord then the pathway will carry
cutaneous afferents as well as muscle afferents from all four limbs to the
SC. Cutaneous projections to the SC are known to exist and units may be
activated by stimuli applied to all four limbs and even the whole body
surface (Jassik-Gerschenfeld, 1965, 1966; Abrahams & Falchetto, 1966;
Straschill & Hoffman, 1969; Stein & Arigbede, 1972). These characteristics
woidd accord with the characteristics of cutaneous projections through
LF-CF-SCP but in her experiments, Jassik-Gerschenfeld (1966) reported
that section of the ventral funiculi in the lower thoracic cord abolished the
hind leg cutaneous afferent projection. Unless convergence between the
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cutaneous and muscle afferents of the FT!A of the LF-CF-SCP takes
place above the level of the thoracic cord, the findings of Jassik-Gerschen-
feld (1966) would exclude the LF-CF-SCP from projecting to the SC, and
would suggest that spinal conduction to the SC is by separate cutaneous and
muscle afferent systems occupying different locations within the spinal
cord.
Dorsal column section and ipsilateral hemisections, substantially
affected the regularity and nature of the SC unit response to limb muscle
afferents. This effect could be due to the interruption of ascending path¬
ways affecting conduction in systems relaying to the SC. Equally likely
the disruption of firing patterns may be due to the interruption of descend¬
ing pathways (including those in the dorsal column) which are known to
affect excitability in interneurons giving rise to ascending pathways
(Brown, Kirk & Martin, 1973; Oscarsson, 1973).
The role of ascending spinal pathways such as the LF-CF-SCP in which
there is convergence not only within modalities, but also between modali¬
ties is difficult to interpret. Some experimental evidence suggests that
cerebellar and cortical projection of such convergent pathways are con¬
cerned with the monitoring of interneurone excitability (Oscarsson, 1973).
What role can we see for these convergent pathways to the SC? The SC
is clearly involved in motor function of both head and eye. Chemical or
electrical stimulation of the SC lead to head and eye movement (Apter,
1946; Hess, Burgi & Bucher, 1946) presumably due to activation of the
oligosynaptic connexions from the SC to neck (Anderson, Yoshida &
Wilson, 1971) and oculomotor (Carpenter, 1971) motoneurones. We have
recently shown that the muscle afferent input from both extraocular and
neck muscles terminates on a high percentage of the cells of origin of the
tectospinal tract (Abrahams & Rose, 1975), and thus can exert effects on
head movement. Whether limb muscle afferents make similar con¬
nexions is not yet known, but given the convergence of muscle afferents
on units of the superior colliculus, it is highly likely. The inference would
be that the extensive limb muscle afferent projections to the SC described
here are in part, at least, linked to the head movement system.
Supported by the MRC of Canada.
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THE EFFECT OF PASSIVE EYE MOVEMENT ON UNIT DISCHARGE IN
THE SUPERIOR COLLICULUS OF THE CAT
P. K. ROSE* and V. C. ABRAHAMS
Department ofPhysiology, Queen s University, Kingston, Ont. K7L 3N6 (Canada)
(Accepted April 7th, 1975)
SUMMARY
The effects of passive eye rotation on unit discharge in the superior colliculus
has been examined in the chloralose anaesthetized cat. Providing that velocity ex¬
ceeded 50°/sec, passive eye movement led to brief-burst discharges in the superior
colliculus. This discharge occurred as the eye traversed a fixed point. The displacement
of this point from the primary position has been defined as the displacement threshold
for that unit. Displacement thresholds range from 3 to 30 ° and are consistent over a
wide range of velocities but become larger at the velocity threshold for the unit.
Conduction times to the superior colliculus ranged from 7 to 108 msec.
INTRODUCTION
The central connections of extraocular muscle receptors are extensive and
project to pontine and mesencephalic sites, the superior colliculus and cerebellum1-2-
7-10,11,13-14,17. Extraocular muscles are rich in receptors but the nature of the receptors
varies from species to species. Muscle spindles are present in ungulates and primates,
but in the cat no spindles are present and the receptors include a number of simpler
forms of free nerve endings12. Recordings made from single fibres in cat extraocular
muscle nerves show that the receptors function both as length and tension detectors6-
12. The functional role of the receptors has been a matter of conjecture for many years
and is still not understood. We have recently demonstrated that the projection to the
superior colliculus from extraocular muscle afferents in the cat is very rich, and that
more units may be activated by these receptors than by retinal stimulation2. The
projection in part is concerned with head movements, for many of the cells in the
* Present address: Department of Veterinary Physiology, Royal (Dick) Veterinary College, Edin¬
burgh, Scotland.
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superior colliculus excited by extraocular muscle afferents are cells of origin of the
tectospinal tract2. The experiments now described were concerned with the nature of
information conveyed in the projection to the superior colliculus from extraocular
muscle receptors in the cat.
METHODS
;
Experiments were performed on 15 adult cats, weighing 2.5-3.8 kg, anaesthetized
with chloralose (60 mg/kg, I.V.) after the induction of anaesthesia with ethyl chloride
and ether. The cats were placed in a stereotaxic machine (La Precision Cinemato-
graphique, Asnieres, France), with their visual fields unobstructed. Just prior to
electrical recording the animals were paralyzed with gallamine triethiodide (Flaxedil®,
Poulenc). The animal was then artificially ventilated and a bilateral pneumothorax
created. The temperature of the animal was maintained between 37 and 39 °C using
a heated operating table.
One eye, contralateral to the superior colliculus from which unit recordings were
to be made, was protected from drying with a conventional contact lens. The other eye
was prepared for passive movement of extraocular muscles by the technique of Fuchs
and Kornhuber14, and occluded with an opaque black contact lens. After appropriate
bone removal a ligature was looped under the insertion of the lateral rectus muscle of
the occluded eye, led forward around a pulley located in front of the cat, and attached
to a Ling-Altec Vibrator (model 203) so that movement led to stretch of the lateral
rectus. A ramp generator controlled the eye displacement and the eye was allowed to
return passively to its rest position. The ramp generator was designed to allow the
magnitude and velocity of eye movement to be controlled independently. Magnitude
of movement could be varied from 0 to 30 ° and velocity could be varied from 0 to
750 °/sec. It was also possible to start the movement up to 30 ° nasal to the primary
position. Movement was monitored with a length transducer (Hewlett-Packard type
24 DCDT-250) attached to the moving element of the vibrator. The transducer output
was displayed on a digital voltmeter and a storage oscilloscope to give a record of both
initial position and induced deflection. Movements are expressed in degrees. To con¬
vert the transducer length to angular rotation, the globe diameter was assumed to be
19 mm when 1 mm = 6 0 (see ref. 9). x--; • .
• Unit activity within the superior colliculus was recorded with tungsten micro-
electrodes (Haer, type 25-10-3) introduced stereotaxically through a trephine hole over
the occipital cortex. Spontaneous activity was rare in the superior colliculus, so, as the
microelectrode was slowly advanced into the superior colliculus units were activated
by a 2-msec flash of light to the non-occluded eye2 or by electrical stimulation of one
of the nerves to the neck muscles. It proved difficult to isolate single units in the super¬
ficial layers of the superior colliculus, and some of the recordings made there were
from multi-unit preparations. Each unit or multi-unit preparation encountered was
tested for its responsiveness to passive eye rotation. Upon completion of each elec¬
trode penetration the deepest position was marked by a small lesion made by passing
50-100 /iA through the recording electrode for 1-2 sec. The amplification and display
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techniques were conventional. In most experiments, unit spikes were converted into
standardized pulses using an amplitude analyser (Haer) and successive sweeps were
stored in one frame of a storage oscilloscope (Tektronix D13) with the aid of a raster
generator (W-P Instruments).
At the end of each experiment, the brain was perfused in situ with normal saline
and then with 25% formaldehyde in saline. The location of each recording site in the
midbrain was established from serial frontal sections, 30 /jm in thickness, stained for
fibres and cells16. Units within the superior colliculus were assigned to either the super¬
ficial, intermediate or deep layers of the superior colliculus using the anatomical
criteria established by Cajal8, Gordon15 and Szekely'-3. Since the colliculotegmental
border is not clearly defined in the cat19, units which were ventral to a line extending
horizontally from the lateral extent of the central grey were arbitrarily assigned to the
tegmentum.
Correlation coefficients were calculated by the least squares method.
RESULTS
The responses of 57 well isolated single units to passive rotation of the eye have
been examined. Forty-five (79%) of the units were found in the superficial, inter¬
mediate and deep layers of the superior colliculus. The remaining 13 units were located
in the tegmentum ventral to the superior colliculus. Sixteen multi-unit recordings were
also made in the superficial layers of the superior colliculus. Data from a further 7
multi-unit responses in other parts of the superior colliculus have also been used.
All movements of the eye were made in a nasal direction. Constant velocity nasal
rotation of the eye provoked a brief burst of a few impulses only (Fig. 1), at all collic-
ular and tegmental recording sites. Latencies of response were long and dependent
on the velocity of eye rotation. For a 30° rotation at the maximum velocity employed
(750°/sec), latencies from the commencement of rotation to the recording of discharge
" 1
40 msec x X
Fig. 1. Relationship ofeye rotation and unit discharge in the superior colliculus. Top, unit discharge;
bottom, transducer output. Rotation of 24' at 6007sec completed in 40 msec.
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ranged from 25 to 170 msec, with 61 of 80 (76%) response latencies greater than 40
msec. A 30° rotation at 750°/sec is complete within 40 msec so that unit discharge
within the superior colliculus frequently occurs after eye movement is completed.
We have previously remarked on the rapid habituation of unit responses in the
superior colliculus following electrical excitation of extraocular muscle nerves2.
Habituation was equally pronounced when eye movement was used as a stimulus. A
second attempt to elicit unit discharge was often unsuccessful if the interval between
the two stimuli was too short. Responses could only be reliably recorded from the
superior colliculus if the interval between successive rotations exceeded 10 sec.
Effect ofmagnitude ofeye rotation on unit response
In a series of experiments the velocity of eye rotation was kept constant at
750°/sec. The velocity of 750°/sec was chosen as it is well above the upper limits of
saccadic velocity for the cat eye9-21-22, and thus should excite all movement-sensitive
receptors. The eye was then rotated from the primary position to a position 30° nasal.
In a series of measurements, the movement was reduced by 3° steps to a minimum
rotation of 3°. Invariably, the discharge pattern was a brief burst and was unaltered
as the magnitude of eye rotation decreased until rotation fell below a critical value.
At this value, eye rotation no longer led to unit discharge. If the magnitude of eye
rotation was now increased unit discharge to movement reappeared as soon as the
critical value was exceeded. The minimum eye rotation necessary to elicit response in
any given unit was a constant for that unit which we have defined as the displacement
threshold. Any eye rotation at 750°/sec, whose magnitude was greater than the dis¬
placement threshold, produced the same discharge pattern. A wide range of displace¬
ment thresholds was found for units in the superior colliculus ranging from less than




















Fig. 2. Histogram illustrating the distribution of displacement thresholds of 57 isolated units and
23 multi-unit preparations recorded in the superior colliculus and adjacent tegmentum.
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Fig. 3. The effect of displacing initial eye position in a nasal direction on the amplitude of constant
velocity movement producing unit discharge in the superior colliculus. V V: actual movement
necessary to produce unit discharge from the range of initial nasal displacements indicated on the
abscissa. The displacement needed reduces as the initial position is moved nasally. O O:
displacement from the primary position which initiates unit discharge. This value is obtained by
adding the initial displacement to the movement, so that the value given is the actual displacement
from the primary position at which unit discharge is initiated in the superior colliculus.
sured at 750°/sec. It can be seen that more than 75 % of the units were excited by eye
movement smaller than 24°.
Experiments were performed on 10 units with large displacement thresholds
(> 20°) to examine the effect of altering initial eye position on the displacement
threshold. Displacement threshold was first determined from the primary position at
a velocity of 750°/sec. The eye was then subjected to a series of rotations each of
which was initiated from a progressively more nasal position and the displacement
necessary to elicit unit discharge established from each new initial position. These
experiments established that when a unit has a large displacement threshold, unit dis¬
charge is not normally determined by the magnitude of passive rotation but occurs
when the eye passes a position that is fixed with respect to the primary position (Fig.
3). The triangles in Fig. 3 show the reduction in actual movement necessary to initiate
discharge as the eye is progressively moved closer to the displacement threshold. This
may not be a characteristic of units with small displacement thresholds. Because of the
design of the experiments just described, units with small displacement thresholds were
not normally examined. However, on one occasion the relationship between initial
eye position and displacement threshold was determined for a unit with a displace¬
ment threshold of only 5°. This unit did not fire at a fixed position within the orbit,
but to any nasal movement from 4.5° to 3° depending on initial position. At an
initial nasal deviation of 12°, a further nasal displacement of 3° was necessary for
excitation. With an initial nasal displacement of 3°, a further nasal displacement of
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Fig. 4. Velocity thresholds of 50 units in superior colliculus and underlying tegmentum.
Effect of velocity of eye rotation on unit response
Velocity of movement itself can affect unit discharge in the superior colliculus.
The nature of this effect was examined in experiments on 50 units. The eye was rotated
a constant 303 at velocities ranging from 50°/sec to 7507sec. These experiments
showed that a velocity threshold exists, but discharge is independent of the velocity of
rotation until velocity falls below a critical value. The lowest velocity of eye movement
at which unit response could be recorded we have defined as the velocity threshold for
that unit. Velocity thresholds for 50 units are plotted in Fig. 4. Most units (78%) had
velocity thresholds of between 50°/sec and 450°/sec. Two units responded between
450°/sec and 600°/sec and 9 units (18%) required velocities in excess of 600°/sec for























Fig. 6. Discharges from unit in the superior colliculus to 8 sequential 303 nasal rotations. Velocities
indicated in degrees/sec. Interval between rotations, 10 sec.
threshold is dependent on eye velocity. As can be seen in Fig. 5, except at velocities
close to threshold displacement threshold is independent of velocity. In the experiment
illustrated the displacement threshold remained relatively constant as velocity de¬
creased from 750° to 200°/sec, but as the velocity threshold of the unit of 100°/sec
was approached the displacement threshold increased sharply.
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Fig. 7. Data from Fig. 6 replotted to show the relationship of response latency to duration of rota¬
tion. The ordinate intercept gives the central conduction time to the superior colliculus. r == 0.999,




Fig. 8. Ordinate intercepts (central conduction time) of 27 units tested at a range of displacement
velocities. Data from these units where correlation coefficients < 0.05.
emphasized in experiments in which the latency of collicular response was measured
during fixed displacements at a range of velocities. The overall latency from the onset
of movement to the onset of unit discharge determined in these experiments is de¬
pendent not only on the central conduction times, but also the displacement velocity
(Fig. 6). A slow movement will take longer to arrive at the displacement threshold than
a fast movement. The stability of the displacement threshold is reflected in the linearity
of the slope when response latency is plotted against the duration of eye rotation
(Fig. 7). In 27 of 33 units tested the linearity of the relationship was such that the cor¬
relation coefficient was significant at the 0.05% level. Lines plotted in this way have
an ordinate intercept and this is the conduction time to the superior colliculus, for the
value of the intercept represents the latency of response to an infinitely fast rotation.
The range of central conduction times estimated in this way was from 7 to 108 msec
(Fig. 8), values which are essentially the same as the conduction time to the superior
colliculus following electrical excitation of extraocular muscle nerves2.
DISCUSSION
In her original experiments on extraocular muscle stretch, Fillenz13 described
only a few responses in the superior colliculus, and those that were found were con¬
fined to the deep layers. From our experiments, it is clear that passive eye movement
can lead to a discharge of cells in all layers in the superior colliculus of the cat as well
as the underlying tegmentum, providing that both velocity and amplitude of movement
are adequate. At no time in our experiments did we observe the sustained discharges
that Fillenz13 saw in the mesencephalic nucleus of the fifth nerve and in the deep collic¬
ular layers in barbiturate anaesthetized and decerebrate cats. The pattern of unit
discharge that was invariably observed in our experiments was a brief-burst discharge
similar to one pattern described by Fillenz13.
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The characteristics of passive muscle stretch that excite the receptors of the
inferior oblique muscle of cat have been examined by Cooper and Fillenz12 and by
Bach-y-Rita and Ito6. Both groups of workers report that some receptors fire at rest,
but the results of Bach-y-Rita and Ito6 show that such units constitute a small minor¬
ity, and that the majority of receptors (48 of 52) are dynamic receptors and only dis¬
charge to muscle length changes. The eye movement used in our experiments should
mainly excite receptors in the lateral rectus muscle. Assuming that the receptors in the
lateral rectus muscle have properties similar to those in the inferior oblique, then the
dynamic nature of response in the superior colliculus is largely a reflection of receptor
characteristics.
When the data contained in Fig. 9 in the article by Bach-y-Rita and Ito6 is re-
plotted it is apparent then that in their experiments a linear relation exists between the
time of onset of receptor discharge and the duration of the pull. Thus, there is a
threshold stretch for receptor activation and the displacement threshold that we have
observed in the superior colliculus may be a reflection of this receptor property. The
relationship between passive eye movement and unit discharge in the superior collic-
ular cells reported are, however, not entirely a replication of the sensory properties
of extraocular muscle receptors. Two major differences exist between the responses of
superior collicular cells described here and the responses of extraocular muscle stretch
receptors described by Bach-y-Rita and Ito6. Receptors in the inferior oblique muscle
increase their firing frequency as the velocity of stretch increases6, but, in the superior
colliculus, once the critical velocity is exceeded, the pattern of discharge recorded in
the superior colliculus is fixed and independent of the velocity of eye movement. Bach-
y-Rita and Ito6 also found that the number of impulses and frequency of discharge to
a constant stretch increased as initial muscle length was increased. Thus, the firing
pattern of the receptor is sensitive to initial position unlike the firing pattern of units
in the superior colliculus. It is unfortunate that in our experiments only one unit with
a small displacement was tested for initial position effects. Small displacement thresh¬
olds of 6° or less were found in 18% of the units. If the one small displacement
threshold unit is typical, then it is possible that while the fixed displacement threshold
is a characteristic of almost all collicular units, it is not an invariant pattern.
Recently, we showed that almost 60% of cells of origin of the tectospinal tract
in the superior colliculus are excited by electrical stimulation of extraocular muscle
afferent nerves2. It seems reasonable to conclude that a significant percentage of units
examined in this study are cells of origin of the tectospinal tract and thus make di-
synaptic connection with neck muscle motoneurones4. Output to neck muscle moto-
neurones is thus likely to be influenced, in part, by movement of the eye in the orbit.
The data now obtained shows that little influence is likely to be exerted at low
eye velocities, or when the movements are small. It is only when large movements are
executed at saccadic velocities that the eye movement is likely to affect neck moto¬
neurones. Then, because of the wide range of conduction times to the superior colli¬
culus, an eye movement can set up a temporally"dispersed bombardment of tecto¬
spinal cells which will greatly outlast the eye movement. In the cat eye movements
from temporal to nasal extreme of 90° are possible9 although 40% appears to be the
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normal range22. The minimum execution time of a 90° movement at a saccadic
velocity of 600°/sec is 150 msec, and it is only in these extreme movements that most
of the discharge will occur in the superior colliculus during the eye movement. At
more normal levels of saccadic eye velocity of 300%ec and for more restricted move¬
ments precise information will be transmitted to the superior colliculus only after the
eye movement has been completed and perhaps even after a new eye movement has
commenced. It should be noted that the effects of velocity are such that while most
units are activated at velocities appropriate to saccadic movements in the cat, a pro¬
portion only fire at velocities which probably never normally occur. Because extra¬
ocular muscle afferents have the most abundant projection to the superior colliculus2,
exceeding retinal and other muscle afferent projections3, it is likely that these units
are activated by such extraocular afferents. However, the technique of eye movement
chosen, while it avoids the problem of limited receptor viability that occurs after
enucleation13 does mean that other structures might be contributing to responses
recorded in the superior colliculus.
An extraordinary habituation has been demonstrated in the afferent system to
the superior colliculus. This is not a receptor property for a similar habituation was
observed when the afferent nerves were electrically excited2. The long latency to¬
gether with the adaptation phenomena make it very difficult to propose a role for the
system taking origin in the extraocular muscles and projecting to neck motoneurones.
It is possible that to a degree these characteristics are imposed by the conditions of
anaesthesia. However, chloralose does have some advantages as an anaesthetic in this
situation, for it enables the long-latency responses of the superior colliculus to be dem¬
onstrated2, and it is known that brain responses to extraocular muscle stretch under
chloralose are similar to those observed in the decerebrate cat13.
Few data exist on the relationships between eye movement and unit discharge in
the superior colliculus of the conscious cat. Relationships between spontaneous eye
movement and unit discharge have been examined in the non-anaesthetized encephale
isole by Straschill and Hoffman20 and by Arduini et al5. Straschill and Hoffman20
reported that 10% of the units that they observed fired in synchrony with spontaneous
movement during total darkness. Discharge could occur prior to or during the move¬
ment, or 50-100 msec after the onset of movement. Neither the velocity nor the
magnitude of movements was reported in their experiments. Movement was recorded
in the experiments of Arduini et al.5 by a modified Robinson18 technique permitting
accurate resolution of movement. They report that eye movement in the encephale
isole during 'sleep' has excursions of from 4 to 5° and peak velocities of l°30'/sec.
During 'arousal' the excursions were reduced below 1°, but velocities increased to
3-20°/sec. In this situation Arduini et al.5 claimed that more than 80 % of units in the
superior colliculus had activity correlated with the small eye movements that they
observed. Usually unit discharge preceded eye movement from a few to 100 msec. It
seems unlikely that the firing patterns that were observed in the superior colliculus in
either of these reports could be due to activation of extraocular muscle receptors. Our
data would suggest that spontaneous eye movement in the encephale isole never
achieves either sufficient velocity or amplitude to activate units in the superior colli-
105
cuius. The movements are also below threshold for extraocular muscle receptors6. The
data so far obtained in the encephale isole must have sources other than extraocular
muscle receptors and may signal events leading up to movement and connected with
movement, but not information arising from the extraocular muscle receptors
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Velocity and displacement characteristics of passive eye move¬
ments which initiate unit discharge in the superior colliculus
By V. C. Abrahams and P. K. Rose. Queen's University, Kingston,
Ontario, Canada K7L 3N6
The relationships between the magnitude and velocity of eye movement
that lead to unit discharge in the superior colliculus have been examined.
Experiments were performed on cats anaesthetized in chloralose. One eye
was occluded and a ligature was looped around the insertion of its lateral
rectus muscle. The ligature was attached to a shaker (Ling-Altec, Model
203) so that the eye could be moved in a nasal direction under the control
of a function generator. Movement led to a unit discharge when the eye
passed a fixed position, and this fixed position, which we have termed
a displacement threshold, was characteristic for each unit. In tests con¬
ducted at a velocity of 750°/sec displacement thresholds were found to be
evenly distributed in the range of 6-30°.
The displacement threshold is dependent on the velocity of eye move¬
ment. Units have a velocity threshold, and movements below this velocity
do not cause discharge. The majority of velocity thresholds lay in the
range of 50~450°/sec. At velocities above the velocity threshold, displace¬
ment threshold is constant. When velocity approaches the velocity
threshold of that unit, displacement threshold abruptly increases.
The latency between the onset of eye movement and superior colliculus
discharge ranges from 10 to 110 msec. Since both velocity and displace¬
ment thresholds are relatively high, the appearance of unit discharge in
the superior colliculus will only occur at relatively high velocities, and
except for exceptionally large movements will frequently occur after the
eye movement is completed.
This work was supported by the Medical Research Council of Canada.
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Absence of monosynaptic reflex in dorsal neck muscles of the cat
V. C. ABRAHAMS, F. RICHMOND and P. K. ROSE*
Department ofPhysiology, Queen's University, Kingston, Out. K7L 3N6 (Canada)
(Accepted March 18th, 1975)
The monosynaptic reflex originating from receptors in muscle spindles is usually
regarded as part of a fundamental servo mechanism controlling muscle length6. The
monosynaptic reflex does not exist in the oculomotor muscles3-7-9, and we now pro¬
vide experimental evidence that a monosynaptic reflex is not present in the dorsal
muscles of the neck of the cat despite the fact that monosynaptic connections exist11.
These muscles, which serve to elevate and turn the head, have an exceptionally dense
spindle content in man, rat and cat1'5-10.
The initial observations were made in 5 cats anaesthetized with chloralose (60
mg/kg, i.v.) in which the central cut end of C2, C3 or C4 dorsal roots were stimulated.
Monosynaptic reflexes recorded electrically from nerves to the muscles complexus,
biventer cervicis or splenius should have a latency of approximately 2 msec. Those
reflexes recorded had a latency of 16-20 msec.
In experiments on a further 11 chloralose-anaesthetized cats extracellular re¬
cordings were made with tungsten microelectrodes from motoneurones of complexus,
biventer cervicis and splenius. The C2 and C3 dorsal roots were cut and their central
ends placed on stimulating electrodes for orthodromic stimulation (Fig. 1). Unit anti¬
dromic potentials were elicited by stimulation of the appropriate muscle nerve and
were regarded as being from motoneurones if (a) they had a short constant latency
(0.3-1.4 msec), and (b) if they were all-or-none. Ninety-six motoneurones were iden¬
tified in this way. Only one could be orthodromically activated by single or paired
stimuli at a latency of 2 msec or less even though the strength of the orthodromic
stimulus was sufficient to excite all Gp I and II fibres. In the lumbosacral cord, 100%
of motoneurones can be fired by orthodromic stimulation at the peak of post-tetanic
potentiation4. To see if a similar procedure could elicit monosynaptic reflexes in the
upper cervical cord, 21 units were tested for orthodromic responsiveness following 15
sec of dorsal root stimulation at 300/sec. In no instance did this provoke a mono¬
synaptic discharge. Orthodromic stimulus was not particularly effective in exciting
neck motoneurones and the firing which was observed in 26 of the 96 units tested oc¬
curred after a 7-25 msec latency.
* Present address: Department of Veterinary Physiology, Royal (Dick) Veterinary College, Edin¬






Fig. I. Top, arrangement of stimulating electrodes for orthodromic and antidromic excitation of
motoneurones. Bottom left, antidromic action potential; middle, same, slow sweep; right, orthodromic
stimulation showing stimulus artefact and no orthodromic firing.
It is concluded that there is no significant monosynaptic reflex in the dorsal neck
muscles of the cat. Whatever the role of the dense spindle accumulation in these
muscles, there can be no simple servo loop of the kind that operates in respiratory
and locomotor muscles. Presumably the role of neck muscle spindles is confined to
longer control loops such as those operating through the tectospinal tract2.
This research was supported by the Medical Research Council of Canada.
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Spinal and medullar projections of afferents from dorsal neck muscles.
P.K. Rose" and V.C. Abrahams, Department of Phvsiology, Queen's
University, Kingston, Ontario, Canada. K7L 3N6.
A number of anatomical studies have been made which suggest that
prinarv afferents from the neck terminate segmentally and in the cuneate
nucleus, the external cuneate nucleus, the intermediate nucleus of Cajal
and in the region of the spinal nucleus of the trigeminal nerve.
ElectroDhysiological examination has now been made of the spinal and
medullary course of primary afferents that originate in neck muscles.
Bundles of Gp I, II and III fibres ascend in the lateral margin of the
dorsal columns. Many of these fibres travel in the dorsolateral
periDhery of the medulla and turn ventrallv at the level of the external
cuneate nucleus. Primary afferents may then be traced into the spinal
nucleus of the trigeminal nerve where second order cells have also been
identified. These second order cells appear to be exclusively innervated
from muscle afferents and do not appear to have facial fields. The only
other substantial relay that has been found from neck muscle afferents is
to the ventral part of the cuneate nucleus. We have been unable to
trace primary muscle afferents into the grev matter of the upper cervical
spinal segments, nor have we been able to elicit monosynaptic reflexes
from upper cervical segments.
Supported by M.R.C. of Canada
Physiology Canada, 6_, 1, p. **8, 1975,
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Muscle spindle complexes in the' dorsal muscles of the cat neck,
F. Richmond- and V.C. Abrahams, Phvsiology Department, Queen's
University, Kingston, Ontario, Canada. K7L 3N6.
It has long been known that muscle spindles may exist in
conjunctive forms. These include relationships in which soindles
overlap physically (paired units), share intrafusal fibres (tandem
units), or share capsular comnonents (parallel units). Most dorsal
muscles of the cat neck are characterized by very high spindle
densities, in which conjunctive comolexes have proved to be so common
that in some muscles, the majority of spindles exist in conjunctive
forms. Spindle comolexes are most commonly composed of 2 or 3
conjoined spindles but some complexes are much larger, containing up to
6 identifiable spindle units and supporting over 20 primary endings.
Certain of these complexes are composed of units linked in tandem,
(in one instance hv the sane intrafusal fibre which ran sequentially
through 5 units), while others contain all 3 linkage forms in their
structure. Spindles were also frequently seen in close association
(dvad) with Golpi tendon organs.
These arrangements are likely to influence the sensory functions of
the spindle by (a) modifying the forces exerted on individual spindle
receptors and (b) by allowing individual intrafusal fibres to exert
effects on more than one spindle.
"M.R.C. Studentship
Supported by M.R.C. of Canada.
Fed. Proc., 34-, (1975), p. 388.
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THE DISTRIBUTION AND MORPHOLOGY OF MUSCLE SPINDLES IN DORSAL
NECK MUSCLES OF THE CAT. F. Richmond* and V.C. Abrahams.
Department of Physiology, Queen's University, Kingston,
Ontario, Canada. K7L 3N6.
The morphology and distribution of spindles has been
examined in 5 pairs of dorsal muscles that insert into the
lamboidal crest. Four muscles had very high spindle
densities ranging from 45 to 110 spindles/g., with individual
muscles containing as many as 254 spindles. The fifth
muscle, occipitoscapula'ris, had. comparatively low spindle,
densities of 13-19 spindles/g. Some of the muscles are
characterized by large numbers of conjunctive spindle forms,
with more than 50% of their spindles existing in paired,
tandem or parallel complexes. While such complexes are most
frequently composed of 2-3 spindles, complexes of 4 to 6
spindles in a variety of arrangements have been observed.
Spindles were also found closely associated with Golgi tendon
organs, in some cases with apparent capsular contiguity.
Muscles had characteristic distributions of spindles, and
certain muscles tended to have characteristic contents of
conjunctive spindle forms. These morphological findings
suggest that the nature, distribution and density of spindles
may be characteristic to each muscle, and that the functional
roles of muscle spindles may vary from one muscle to another.
(Supported by M.R.C. of Canad<-»
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Morphology and Enzyme Histochemistry of
Dorsal Muscles of the Cat Neck
F. J. R. RICHMOND and V. C. ABRAHAMS
Department of Physiology, Queen's University, Kingston, Ontario, Canada K7L 3N6
while there has been a considerable
body of investigadon on descending sys¬
tems that control neck motoneurons (2-4,
19-22), there has been virtually no inves¬
tigation of the muscles which are inner¬
vated by these motoneurons and which
serve primarily to move the head. A clear
understanding of the physiology of these
muscles is fundamental to the study of the
head-movement system. A preliminary
histochemical study has been made of the
dorsal muscles that are most immediately
responsible for head movement (1), and
the histochemical profiles obtained at that
time suggested that the muscles might fall
into at least three functional categories. It
was also found that the innervation of the
three larger muscles was unusual. Each
muscle received innervation from three to
five cervical roots, but instead of the indi¬
vidual nerves fusing into a single motor
nerve, each branch preserved its identity
and entered the muscle at a different
level.
We now give a more detailed descrip¬
tion of these muscles and their his¬
tochemistry. It has been found that the
arrangement of multiple motor nerves is
associated with unusual arrangements of
long and short muscle fibers, which may
form the basis of unusual physiological
properties of the muscle. It has also been
found that the muscle fibers are com¬
posed of the same three histochemically
identifiable types as those recently de¬
scribed in the cat hindlimb (5).
methods
Histochemical preparation
The neck muscles, occipitoscapularis,
splenius, biventer cervicis, complexus, and rec¬
tus capitis major, were obtained from six cats
Received for publication April 8, 1975.
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weighing from 2.2 to 3.5 kg, anesthetized with a
single intraperitoneal injection of diallylbar-
bituric acid and urethan (Dial, locally syn-
thedzed) 0.5 ml/kg, or sodium pentobarbital
(Nembutal, Abbott), 35 mg/kg. One 10-mm
segment was removed from the belly of each of
the muscles at the level of the C2and C3 verte¬
brae, immediately frozen onto a cryostat chuck
with Freon, and transferred to liquid Freon.
Transverse serial sections were then cut at 8 ^m
on a cryostat, mounted on slides at room tem¬
perature, and thawed. Sets of five serial sections
were cut, and one of each set stained with the
following five histochemical techniques to iden¬
tify ATPase (acid and alkali stable) and oxida¬
tive enzyme activity. 1) The Ca + + dependent
method for ATPase without preincubation
(13). 2) The ATPase method preceded by for¬
malin fixation and preincubation at pH 10.4 for
15 min (10). 3) The ATPase method with
preincubation in an acetate buffer at pH 4.35
for 10 min (10). 4) A nitro blue tetrazolium
method for reduced diphosphopyridine nucle¬
otide (DPNH) diaphorase (14). 5) A nitro blue
tetrazolium method for succinic dehydrogenase
(SDH) (12).
To determine the histochemical characteris¬
tics of individual fibers, three fiber fasciculi were
located from widely separated sites in each mus¬
cle. Approximately 10 fibers in each fasciculus
were then examined in sections stained with the
different methods using a Leitz comparison
microscope. The results were independently
checked by a second person.
Of the approximately 500 fibers examined in
this way, all fell into one of three categories (Ta¬
ble 1). In order to establish the proportions of
each fiber type it was not necessary to examine
each fiber for its reactions to all the histochemi¬
cal procedures. In most instances, muscle fibers
could be typed from their reaction for ATPase
following alkali preincubation (10). Most sec¬
tions subjected to this procedure have fibers that
stain with one of three gradations correspond¬
ing to each of the three separate fiber types. This
gradation was sufficiently reliable to form the
basis of classification for most fibers.
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table 1. Types of staining profiles observed in dorsal neck muscles.






















deposits; may be prominent
subsarcolemmal activity
Column A corresponds to fibers labeled type A fibers in the histochemical nomenclature of Guth and
Samaha (10) and Yellin and Guth (23) or fast fadgable (FF) fibers in the functional nomenclature of Burke et
al. (5). Column B corresponds to type B (10, 23) or slow (5) fibers. Column C corresponds to type C (10, 23)
or fast fatigue-resistant (FR) (5) fibers.
In experiments where the shade distinctions
were not sufficiently clear for classification to be
made, it was necessary to examine two serial sec¬
tions, one stained for SDH and the other for
ATPase (with alkali preincubation or without
preincubation). The procedure relies on the fact
that only one fiber type has a low SDH content
(Table 1), and the number of these fibers in a
section can easily be counted. A second fiber
type has a low ATPase activity after alkali prein¬
cubation or when no preincubation was used
(Table 1). The numbers of the second fiber type
could thus be obtained from the second section.
The numbers of the third fiber type present
in a section could be obtained by totaling the
fibers in the section under examination and
subtracting from this number the total number
of fibers so far classified.
The estimate of fiber types in each muscle
was based on an examination of from 900 to
1,100 fibers per muscle. Fiber types are not
always randomly distributed within a muscle
and, in order to minimize differences that
might occur from a nonrandom distribution,
counts were made on a band of muscle run¬
ning across the muscle from its dorsal to its
ventral surface. The validity of the sampling
technique was evaluated by counting several
such bands from the same muscle, each sepa¬
rated by a few millimeters from the other. It
was found that differences in the proportions
of any fiber type in the bands never exceed 5%
and were usually within 1-2%. The relative
content of each fiber type within the muscle
was expressed as a percentage.
The anatomical descriptions of the muscles
and their innervation are based on dissections
from the above experiments and on dissections
made on a further 20 cats in the course of
other experiments. In addition, sections pre¬
pared for a histological study (15) were used to
establish some of the details of fiber morphol¬
ogy-
Single-fiber dissections
Because of the multiple innervation of neck
muscles it was possible that, like avian neck
muscles (7-9), individual fibers might have
multiple end plates.
To investigate this possibility, about 30
single muscle fibers were dissected from two
each of the five muscles. Each muscle was di¬
vided longitudinally into 5-mm strips, which
were fixed for 2-4 h in a medium composed of
50 ml 8% paraformaldehyde, 50 ml 0.3 M Na
cacodylate buffer, 1 ml 0.73 M KC1, 1 g su¬
crose. The strips were further divided into finer
bundles and fixed for at least 1 additional
hour. The strips were rinsed gently in maleate
buffer, then placed in incubating medium for
the visualization of cholinesterase activity (11)
for 1-1.5 h. The strips were then returned to
fixative for the dissection of single fibers.
results
Gross muscle morphology
Occipitoscapularis, the most superficial
muscle of the five examined, is a long,
thin, straplike muscle, originating from
the coracovertebral angle of the scapula
(Fig. IB). It has parallel fibers, which run
the length of the muscle around a core of
blood vessels and nerves. The innervation
of the muscle is by a single nerve bundle
from the third or fourth cervical segment.
Deep to occipitoscapularis lies splenius,
a broad sheetlike muscle whose long
parallel fibers travel laterally from an ex¬
tensive origin in the spinous processes
of upper thoracic vertebrae and nuchal
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fig. 1. Arrangement and innervation of the dorsal muscles of the cat neck. A: skeletal structure; B:
occipitoscapularis; C: splenius to show two tendinous inscriptions; D: splenius, retracted to show arrange¬
ments of multiple innervation; E: biventer cervicis showing three tendinous inscriptions; F: complexus
showing single inscription; G: biventer cervicis retracted to show innervation; H: "rectus capitis major.
midline to insert by a short flat tendon
along the whole width of the lamboidal
crest (Fig. 1C). Traversing the muscle at
an angle roughly perpendicular to its
fibers are two inscriptions of tendinous
tissue (Fig. 1C). The more rostral inscrip¬
tion is located about one-third of the way
from the muscle insertion. This rostral in¬
scription does not completely span the
muscle, but extends from the lateral bor¬
der of the muscle to terminate abruptly
1-2 cm from its medial border (Fig. 1C).
The second inscription lies midway be¬
tween the first inscription and the muscle
origin. It transverses only the lateral half
of the muscle, thus terminating somewhat
more lateral than the first inscription.
Splenius muscle fibers, which originate
most caudally and lie most laterally, are
traversed by both inscriptions. Fibers in
the middle third of the muscle are
traversed by only the rostral inscription,
and the most medial fibers are not
traversed by inscriptions.
Inscriptions in splenius are not at¬
tached to bone or tendon. When
examined histologically, they are seen as a
dense fibrous network surrounding long
perforating muscle fibers. Shorter muscle
fibers insert into the inscriptions, either
directly or by inserting into Golgi tendon
organs located in the inscriptions (Fig. 2).
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fig. 2. Receptor and fiber fasciculi arrangements in a tendinous inscription of splenius. I: Golgi tendon
organ (center) is associated with spindle (lower right). Note the branching arrangement of nerve fibers
within the tendon organ. 2: section through the same muscle approximately 500 /cm distant. The fiber
fasciculus that inserts into the tendinous inscription via the Golgi tendon organ illustrated can be seen. The
spindle capsule and some of its intrafusal fibers can be seen (bottom right). Holmes silver stain.
Palpation of splenius shows that the mus¬
cle caudal to an inscription is thicker,
reflecting the termination of short caudal
fibers at this point.
The nerve supply to splenius enters its
ventral surface and largely consists of
branches from the second, third, and
fourth cervical roots (Fig. ID). Nerve
branches from C2 enter the muscle rostral
to the inscriptions, branches from C3 be¬
tween the inscriptions, and branches from
C4 caudal to the inscriptions. In most cats,
splenius is also innervated by small nerve
branches from the first cervical root which
enter the muscle close to its insertion.
Blood vessels to splenius either accom¬
pany one or more of the main nerve
branches and enter the muscle ventrally
or enter splenius dorsolaterally at two or
more levels, often accompanied by fine
nerves.
Biventer cervicis and complexus lie be¬
side one another deep to splenius. Bi¬
venter cervicis is the more medial and is a
wedge-shaped muscle with a narrow in¬
sertion in the medial quarter of the 1am-
boidal crest and a multiple origin in lower
cervical and upper thoracic vertebrae
(Fig. IE). The medial edge of biventer
cervicis is closely adherent to the tough
connective tissue of the nuchal midline,
and its lateral edge overlaps the medial
edge of complexus.
Tendinous inscriptions are particularly
wide and deep and, thus, are prominent in
biventer cervicis. On the dorsal surface of
the muscle they appear as three or four
white, glossy bands running from the lat¬
eral to the medial edge (Fig. 1E) in a ros¬
tral direction. The inscriptions penetrate
the muscle mass from its ventral to its
dorsal surface and are oblique to the mus¬
cle so that the dorsal margin of the in¬
scription is more rostral than the ventral
margin. This is particularly noticeable in
the most rostral inscription where strands
of tendinous tissue, on reaching the dor¬
sal surface of the muscle, run superficial
and parallel to the muscle fibers to attach
to the lamboidal crest. As in splenius, the
inscriptions surround the long muscle
fibers and serve as insertions for shorter
fibers so that the muscle mass is reduced
toward the muscle insertion. Successive
insertions into the inscriptions by shorter
muscle fibers located primarily in the lat¬
eral edge or dorsal border cause narrow¬
ing and thinning of the muscle toward the
midline. Medially located fibers, in con¬
trast, usually pass through the inscriptions
and run the length of the muscle.
Nerves from the second, third, and
fourth cervical segments enter the ventral
surface of the biventer cervicis muscle
(Fig. 2G). The C2 nerve branch, which in¬
nervates the muscle between its insertion
and its most rostral inscription, is accom¬
panied by the greater auricular nerve,
which penetrates through biventer cer¬
vicis without branching and runs rostrally
over the lamboidal crest toward the pinna
(Fig. 1G). Branches of C2, which innervate
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the biventer cervicis muscle, are compara¬
tively small. The C3 nerve branches to bi¬
venter cervicis are numerous and are con¬
sistently divided into two large bundles,
the first entering the muscle at or just
below the most cephalad inscription and
the second entering at or just below the
next inscription. The C4 branches are also
extensive and are also usually divided into
two bundles. When biventer cervicis has
four inscriptions, one C4 bundle usually
supplies the region between the third and
fourth inscription and another the space
between the fourth inscription and the
muscle origin. In muscles with only three
obvious inscriptions, two bundles usually
enter one of the interspaces between in¬
scriptions. Considerable variation can be
seen in the relative size and in the pattern
of nerve branching from one cat to
another. No C 4 branches innervate bi¬
venter cervicis, but it is common for one
or two small nerve branches to the muscle
to take origin from segments caudal to C4.
Most of the blood supply to biventer cer¬
vicis enters via vessels accompanying the
large nerve bundles.
Complexus is located laterally and
slightly deep to biventer cervicis. It origi¬
nates mainly from transverse processes of
lower cervical vertebrae and stretches in a
broad sheet to a wide tendinous insertion
on the lateral two-thirds of the lamboidal
crest (Fig. IT). Its medial edge follows bi¬
venter cervicis closely and Both muscles
are bound together by a thin fascial layer,
which overlies both dorsal and ventral
surfaces. Laterally, the muscle follows the
contour of the neck and its lateral border
lies halfway down the side of the neck.
Complexus usually has only one tendin¬
ous inscription, which traverses the mus¬
cle midsection from its lateral to its medial
edge. The prominence of this inscription
varies from one cat to another. In most
cats, the inscription appears as an obvious
glossy white line, but in others, the ten¬
dinous tissue is much reduced and all that
can be seen by inspection is a line caused
by the irregular abutment of one muscle
fiber on another across the muscle.
Complexus receives the bulk of its in¬
nervation from the first three cervical
segments. Nerves from C 4 enter com¬
plexus very close to its tendon of inser¬
tion. Nerve branches to complexus from
C2 and C3 accompany the nerve branches
to biventer cervicis. Blood vessels to com¬
plexus also enter ventrally with the large
nerve bundles.
Rectus capitis major is a much smaller
and shorter muscle lying deep to biventer
cervicis and complexus. Its fibers fan out
from their origin along the spinous pro¬
cess of the axis to insert into the medial
one-third of the lamboidal crest (Fig. 1H).
Rectus capitis major has no tendinous in¬
scriptions. It is innervated by a large
nerve branch from the first cervical seg¬
ment.
Single-fiber dissection
Approximately 30 single extrafusal
fibers stained for cholinesterase activity
were dissected from each of the muscles
examined. Fibers from occipitoscapularis
and rectus capitis major muscles could be
dissected with relative ease for the entire
length of the muscle. Dissection of fibers
in the other three muscles, splenius, bi¬
venter cervicis, and complexus, was more
difficult because of fiber binding by ten¬
dinous inscriptions. Some perforating
fibers could be freed of this dense tissue
and traced the entire length of the mus¬
cle. Short fibers could be dissected only to
the inscriptions, where they terminated.
These dissections made it possible to con¬
struct a diagram of the arrangement of
fibers of different lengths in splenius, bi¬
venter cervicis, and complexus, as shown
in Fig. 3.
Single dissected fibers never had more
than one end plate along their length. All
of the muscles were traversed by several
discrete bands of end plates and
neighboring fibers often had end plates at
quite different levels, each corresponding
to a different end-plate band.
Histochemistry
Histochemical testing showed that all
fibers fitted into one of three patterns
(Table 1), which are the same as those de¬
scribed histochemically (5, 10, 23) for cat
hindlimb muscle. The ATPase-poor
fibers, previously demonstrated (1) by the
Ca++-dependent ATPase technique of
NECK MUSCLES 1317
fig. 3. Diagrammatic representation of fiber ar¬
rangements and orientation in A, splenius; B, bi-
venter cervicis; C, complexus. Top of each diagram
is the lamboidal insertion; m, medial aspect of mus¬
cle. Note the single tendinous inscription in com¬
plexus, the four inscriptions in biventer cervicis
which completely traverse the muscle, and the two
inscriptions in splenius, which incompletely traverse
the muscle.
Padykula and Herman (13), form a
homogeneous group. These fibers all
stain poorly for ATPase after preincuba¬
tion at pH 10.4, but all stain intensely for
ATPase following preincubation at pH
4.35 (Fig. 4) and show high SDH and
DPNH activity. After incubation for SDH
and DPNH, evenly distributed blue or
turquoise, beadlike diformazan deposits
can be seen across a light background.
The staining profile of this group is the
same as that of the fiber group labeled B
according to histochemical characteristics
(10, 23) and identified by Burke et al. (5)
as functionally slow.
Fibers which stain darkly when tested
only for Ca++-dependent ATPase with¬
out preincubation are not a homogeneous
group but can be subdivided into a
further two groups on the basis of more
extensive enzyme testing. One fiber sub¬
group stains intensely following alkali
preincubation, but shows reduced ATPase
activity following acid preincubation.
After acid preincubation, the intensity of
coloration varied in different staining
batches from an almost complete lack of
coloration to more moderate coloration.
When stained for SDH and DPNH activ¬
ity, this fiber group demonstrates only a
sparse network of diformazan deposition
throughout the nonstaining cytoplasm.
fig. 4. Serial sections subjected to different his¬
tochemical procedures to show the three fiber types.
A: SDH stain; B: ATPase, alkaline preincubation; C:
ATPase, acid preincubation. S, small fiber which
shows the staining pattern typical of B (slow) fibers.
FR, a large fiber which shows the staining pattern of
C (fast, fatigue resistant) fibers. FF, a large fiber with
staining characteristics of type A (fast, readily
fatigued) fibers. Vacuolation present in C is due to
freezing artifact. Note the predominance of S fibers
in the core and the predominance of FF fibers in the
periphery and FR fibers both in core and periphery
of fasciculus.
Following alkali preincubation, the sec¬
ond fiber subgroup stains with an inter¬
mediate coloration distinctive from both
other fiber groups. Following acid prein-
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cubation, these fibers consistently stain
very lightly. Like slow fibers, they dem¬
onstrate prominent SDH and DPNH
activity. However, the pattern of diforma-
zan distribution observed under high
magnification is more diffuse than that
observed in slow fibers and is arranged in
a pattern of intersecting lines rather than
discrete granules. These deposits are also
a deeper blue-purple color than deposits
in slow fibers. Some fibers in this second
group showed heavy diformazan deposi¬
tion beneath the fiber sarcolemma, as has
been observed by Stein and Padykula (16).
The regions of deeper coloration did not
always ring the periphery of the fibers
evenly, but rather appeared discontinu-
ously at one or more edges. These two
subgroups correspond to the groups
categorized histochemically as A and C,
respectively (10, 23), and functionally as
fast, readily fatigued (FF) and fast, fatigue
resistant (FR) (5).
Previous investigations (1) have shown
that the five dorsal neck muscles could be
divided into three functional categories
based on their relative contents of fast
and slow fibers. When the proportions of
the three fiber types were examined in the
present experiments, differences between
the muscles, particularly in their propor¬
tions of FF and slow fibers, again became
obvious (Table 2). Splenius and rectus
capitis major had about 50% FF fibers and
about 25% slow fibers (Table 2). In con¬
trast, biventer cervicis and occipito-
scapularis had only about 27% FF fibers
but about 50% slow fibers. Complexus
again occupied an intermediate position
with approximately equal numbers of FF
and slow fibers. FR fibers constituted
from 14 to 36% of the fiber populations
in the neck muscles examined (Table 2).
This variation in content of FR fibers was
as great between the same muscles from
different animals as between muscles of
different types. For example, the FR
proportions in three rectus capitis major
muscles were 16, 17, and 35%. Part of the
data were taken from one pair of rectus
capitis major muscles and one pair of
complexus muscles from the same animal.
As shown in Table 2, the relative contents
table 2. Percentage of three
histochemically identified fiber
types in dorsal neck muscles
FF, % FR, % Slow, %
Biventer rervicis
A (R) 30 24 46
E (L) 32 14 54
D (R) 21 31 48
Occipitoscapularis
A (R) 27 16 57
C(L) 29 16 55
B (R) 21 23 56
Splenius
A (R) 50 28 22
E (L) 57 17 26
C (L) 54 16 30
Rectus capitis major
A (R) 41 35 24
A (L) 42 36 22
C (R) 56 17 27
Complexus
D(R) 31 27 42
A (R) 32 30 39
A (L) 32 29 38
The cats from which the tissue was taken are labeled
A-E; R, right; L, left
of each fiber type are virtually identical
from one side of the cat to the other.
The distribution of the three fiber types
followed a pattern. Slow fibers were most
commonly found at the core of muscle
fasciculi, while FF fibers tended to occupy
peripheral positions (Fig. 4). This may be
of some consequence in sensory as well
as motor mechanisms. This arrangement
means that the fasciculus that enters a
tendon organ is not functionally homo¬
geneous and, in consequence, the recep¬
tor can be differentially affected by activ¬
ity in fast and slow motoneurons. FR
fibers are more randomly distributed in
both core and peripheral positions. In all
muscles save occipitoscapularis, slow fibers
also predominate in the core of the mus¬
cle as a whole, while FF fibers are concen¬
trated peripherally. FF fibers are particu¬
larly populous close to the muscle's dorsal
surface. They are also concentrated in the
lateral edge of splenius and in cir¬
cumscribed regions near tendinous in¬
scriptions in biventer cervicis and com¬
plexus muscles.
Occipitoscapularis was the only muscle
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in which the proportion of each fiber type
appeared uniform across the whole cross
section, although the same intrafascicular
organization observed in other muscles
was present, with slow fibers in the core of
fasciculi and FF fibers in their periphery.
DISCUSSION
The anatomical characteristics suggest
that of the major neck muscles, biventer
cervicis supports and elevates the head,
whereas splenius is of more importance in
turning movements. The fibers of
splenius are directed laterally and insert
along the entire length of the lamboidal
crest, while those of biventer cervicis run
parallel to the vertebral column and are
organized to direct their force onto a very
restricted insertion at the midline of the
crest. The role of complexus is less clear,
but its intermediate characteristics both
mechanically and functionally may imply
a synergist action to both biventer cervicis
and splenius. Rectus capitis major must
also contribute to head movement because
of its origin on the axis, but the nature of
this contribution, whether it be to extend
the head or lock the upper cervical ver¬
tebrae, is not obvious. Occipitoscapularis
originates from the scapula rather than
the vertebral column and, as Elliott (6) de¬
scribed, probably has its major role in ro¬
tation of the scapula.
Splenius, biventer cervicis, and com¬
plexus all have a very complex internal
architecture, which is based on the pres¬
ence of tendinous inscriptions. Tendin¬
ous inscriptions are a well-known charac¬
teristic of rectus abdominis, but in these
muscles have been dismissed as evolution¬
ary vestiges (18). While the presence of
tendinous inscriptions has been noted in
biventer cervicis by Elliott (6), the rela¬
tionship of tendinous inscriptions to the
fiber organization of these muscles does
not seem to have been appreciated previ¬
ously. At their simplest, tendinous inscrip¬
tions allow long muscles to taper to a re¬
duced insertion while maintaining a paral¬
lel fiber orientation. The inscriptions also
permit a mixture of long and short fibers
to coexist in the same muscle in a parallel
orientation. Long fibers that are bound by
inscriptions transfer tension developed by
short fibers inserting into these inscrip¬
tions. Presumably, all the tension de¬
veloped by the muscle must ultimately be
transmitted through the relatively few
fibers inserting on the tendon.
The mixture of short and long fibers
could have interesting functional implica¬
tions. By irregular contraction of short
and long fibers it is possible that at any
initial muscle length, a significant propor¬
tion of individual fibers could be at a
length optimum for peak tension de¬
velopment. This property could lead to a
flattening of the normal length-tension re¬
lationship and allow the muscles to de¬
velop relatively high tension over a wide
range of initial muscle lengths. The pre¬
cise arrangements must be different for
each of the three muscles for there are
significant differences of fiber orientation
and organization of short and long fibers
between muscles.
There is no evidence to suggest that the
multiple innervation of dorsal neck mus¬
cles is associated with multiple innervation
of single fibers, as has been found in avian
dorsal neck muscles (7-9), for only one
end plate has been found on each single
fiber. Multiple innervation appears re¬
lated more to the unusual arrangements
of short and long fibers within each mus¬
cle. Nerve branches from the more an¬
terior cervical roots, for the most part, in¬
nervate only those long muscle fibers that
penetrate the inscriptions to terminate
close to or at the bony insertion, while
branches from posterior roots for the
most part innervate the short fibers which
terminate at the inscriptions. Such a differ¬
ential innervation of short and long mus¬
cle fibers could mean some differences in
functional roles between fibers taking ori¬
gin in upper roots and fibers having their
origin in lower roots. This question can
only be resolved when the organization of
motor units is fully understood.
Dorsal neck muscles of the cat are very
rich in receptors (2, 15), and it may be the
complex internal arrangements of these
muscles which provide some of the logic
for this characteristic. The unusual fiber
mix and the arrangement of inscriptions
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suggest that the muscles may be com¬
posed of functional subunits, which can
be differentially activated in different
movements. For the adequate motor con¬
trol of such muscles it is not enough for
the information to be available about
muscle performance as a whole, but sepa¬
rate information is needed from each of
the subunits. The high concentration of
Golgi tendon organs in the inscriptions
and the very rich accumulation of spindle
arrays that are present in these muscles
(15) suggest a sensory system well able to
provide information concerning the per¬
formance of localized muscle regions.
Previous studies on the content of
Ca++-dependent ATPase in neck muscle
fibers (1) led to the conclusion that bi-
venter cervicis is predominately a slow
muscle, splenius predominately a fast
muscle, and that complexus occupies an
intermediate role. The extended his-
tochemical tesdng now undertaken sup¬
ports and extends this previous finding. It
is also now apparent that, like hindleg
muscle, neck muscle is histochemically,
and thus functionally, composed of three
fiber types. No fibers were seen which did
not clearly fit one of the three staining
profiles, but the possibility that further
subgroups might be demonstrable with
the use of a more extended range of test¬
ing cannot be excluded. The proportion
of fast and slow fibers in any given muscle
have proved to be remarkably consistent
in both this and the previous study (1).
The consistency of fiber types within neck
muscles may relate to the relative fixity
of their task. Unlike locomotor muscles,
neck muscles are rarely called on to work
against widely varying loads or to meet
great variation in their patterns of activity.
When the distribution of the three fiber
types is examined, it can be seen that the
FR fiber proportions are relatively consis¬
tent from one muscle group to another
and these fibers have never been found to
exceed 36% of the muscle mass. On the
other hand, both FF and slow fiber pro¬
portions vary rather more from one muscle
group to the next and can form more
than half the fibers in a muscle. Thus, it
may be the content of FF or slow fibers,
which is important in dictating the overall
functional character of any muscle. The
histochemical examination supports the
idea that biventer cervicis is a tonic muscle
that supports the head and splenius, a
phasic muscle which is primarily responsi¬
ble for quick turning movements. It is
noteworthy in this regard that Anderson,
Yoshida, and Wilson (4) showed that uni¬
lateral electrical stimulation of the
superior colliculus (which will lead to con¬
tralateral turning of the head) gives rise
mainly to EPSPs in splenius motoneurons
but IPSPs in ipsilateral motoneurons in¬
nervating the complexus/biventer cervicis
complex. In a further study of vestibulo¬
spinal effects, Wilson and Maeda (19)
found that stimulation of the lateral ves¬
tibular canal nerve selectively produced
EPSPs in splenius motoneurons. Suzuki
and Cohen (17) had previously shown the
same stimulation in the conscious cat to
cause fixed patterns of head turning.
These experimental findings are all con¬
sistent with splenius being the major neck
muscle involved in head turning.
The head-movement system has much in
common with the oculomotor system in the
range of movements that can be executed
and the fact that most movements are exe¬
cuted against constant inertia and loading.
Despite the relative simplicity of the motor
task, it is clear that the muscles that are most
immediately responsible for the support
and movements of the cat head have an in¬
trinsic complexity, which may be un¬
matched by any other of the muscle systems
of the body.
SUMMARY
An examination has been made of the
five dorsal muscles of the cat neck which
insert into the lamboidal crest. The three
larger muscles, splenius, biventer cervicis,
and complexus, are characterized by the
presence of tendinous inscriptions which
serve as the insertion points of shorter
muscle fibers which do not run the length
of the muscle. Longer fibers are bound by
the inscriptions and, thus, can transmit
tension developed by shorter fibers.
These three muscles are multiply inner¬
vated by nerves emerging from upper
cervical spinal roots. Multiple innervation
is not associated with multiple end plates
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but with an arrangement so that lower
roots innervate a high proportion of short
fibers and higher roots, a high proportion
of long fibers. Occipitoscapularis and rec¬
tus capitis major are, by comparison,
simple muscles, each with a single motor
nerve. Of the muscles examined, oc¬
cipitoscapularis alone does not have its
origin on the vertebral column but on the
scapula, and is unlikely to have any major
function in head movement.
Histochemical examination of the five
muscles has revealed the presence of
three fiber types only. On the usual as¬
sociation of histochemical profile and
functional characteristics, splenius and rec-
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Morphology and Distribution of Muscle Spindles in
Dorsal Muscles of the Cat Neck
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in the previous paper (29) we have
shown that dorsal muscles of the cat neck,
which serve primarily to move the head,
have an unusual fiber organization and
pattern of innervation that set them apart
from other muscle systems. We now re¬
port that the sensory apparatus of these
same muscles also has a number of un¬
usual characteristics. Some of these
characteristics may be of importance in
the motor physiology of head movement,
but there is also evidence that neck muscle
receptors play a role in postural regula¬
tion that extends beyond the immediate
problems of motor control of neck mus¬
cles (for reviews, see ref 2, 12). As in man
(18, 35) and rat (34), it has been found
that there is a very high spindle index
(spindles per gram) in cat dorsal neck
muscles and, because of the relatively
large size of the muscles, a very high
spindle content.
Many of the spindles in neck muscles
are in complex forms so that elements are
shared between spindles and, in some
muscles, complex forms connect with one
another to form elaborate spindle arrays.
The arrangement of spindles in dorsal
neck muscles not only has implications for
the sensory role of the spindles in dorsal
neck muscles, but also for their fusimotor
control.
methods
Neck muscles were obtained from cats
weighing from 2.8 to 3.5 kg anesthetized with
intraperitoneal sodium pentobarbital (Nem¬
butal, Abbott), 35 mg/kg, or intraperitoneal
diallylbarbituric acid and urethan (Dial, for¬
mulated locally), 0.5 ml/kg. Four muscles, oc-
cipitoscapularis, splenius, biventer cervicis, and
complexus, were separated rostrally from the
Received for publication April 8, 1975.
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lamboidal crest and caudally below their in¬
nervation by C4 root branches. This particular
caudal boundary is above the point where the
latter three muscles divide into their muldple
origins in lower cervical and upper thoracic
vertebrae (21, 29). The fifth muscle, rectus
capitis major, has its origin on the axis and was
removed in toto. All muscles were weighed
immediately after removal and then fixed by
immersion in formal sublimate (19) for 2-24 h.
After fixation, the muscles were rinsed in 70%
alcohol, placed in 70% alcohol with 0.5%
iodine for 16-24 h, and dehydrated through
graded alcohols to toluene. The muscles were
impregnated and embedded in a mixture of
paraffin and plastic polymers (Paraplast,
Sherwood).
Sections of 15 /am were cut transversely
throughout the entire length of each muscle.
Muscle is brittle tissue to cut and the surface of
the block was routinely soaked for 16-24 h in a
tissue-softening agent (Mollifex, BDH) prior to
cutting; but even so, only a restricted number
of sections could be cut at any one time. Sec¬
tions were mounted in order and a note made
of any that were damaged and discarded in
cutting so that accuracy could be maintained in
serial reconstruction. Sections were stained
with Holme's silver method (19).
Spindle reconstructions were made from
sketches or photographs of at least every 20th
section. Whenever necessary to define a point
of anatomy clearly, serial sections were
examined. Spindle distribution within a muscle
was plotted on profile tracings of transverse
muscle sections 100 /am apart, made with the
aid of a photographic enlarger.
To examine fully the morphological con¬
junctions that occur between two or more
spindles, it was necessary to examine every se¬
rial section in a muscle. This could be done
with relative ease in all specimens of the two
smaller muscles, occipitoscapularis and rectus
capitis major. However, because of the large
spindle population, it was not practical to do
this on all specimens of the three larger mus¬
cles, splenius, biventer cervicis, and com-
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plexus. Therefore, one of each large muscle
was subjected to a detailed examination of
every section, in the course of which every in¬
trafusal fiber of every spindle was, in turn,
traced beyond its capsular extremities to its
points of termination. Where measurements of
length are given, these are the actual mea¬
surements that were made, with no correction
for shrinkage.
results
The first part of results details the
general characteristics of neck muscle
spindles. In the second part, a detailed
survey of the spindles of each muscle is
given.
General spindle morphology
A total of 1,578 spindles were examined
in 15 muscles, 3 each of occipitoscap-
ularis, biventer cervicis, and splenius,
2 of complexus, and 4 of rectus capitis
major. The basic structure of spindles in
cat neck muscles is essentially the same as
that of spindles in the large hindlimb
muscles (13, 31). Capsule lengths, from
the beginning to the end of the mul-
tilayered lamellar sheath, are similar in all
neck muscles and measurements from
312 spindles ranged from 1,000 to 3,400
Hm (mean, 2,200; SE, 40). Spindles con¬
tained both nuclear bag and nuclear chain
intrafusal fibers. Nuclear bag fibers typi¬
cally extend beyond the capsule ex¬
tremities for distances up to and occasion¬
ally exceeding 2,000 /xrn. Nuclear chain
fibers seldom extended more than 100
fim beyond the spindle capsule. Nuclear
bag fiber diameters ranged from 12 to 18
/xm at equatorial regions and from 12 to
25 /xm at polar regions. Nuclear chain
fibers had diameters of 5-10 /xm at their
equatorial regions and 5-15 /xm at their
polar regions. In a previous histochemical
study (4), Ca++-dependent ATPase in
nuclear bag fibers of neck muscle spindles
was found to be present either in high or
low concentrations. In that study, the two
types of nuclear bag fibers were found to
be present in approximately equal num¬
bers. Because the classification was based
on histochemical differences and not on
morphological differences, no attempt
could be made to classify nuclear bag
fibers in the present study.
Intrafusal fiber content, accurately de¬
termined in 1,382 spindles, ranged from
1 to 10 fibers. The spindle content of in¬
trafusal fibers was similar in all the mus¬
cles examined except occipitoscapularis
(Table 1). Spindles in occipitoscapularis
tended to have more bag fibers and fewer
chain fibers than the other neck muscles.
Spindles with only one bag fiber were
never observed in occipitoscapularis, but
were numerous in the other four muscles
and constituted 25-35% of spindles in
splenius and complexus. Spindles most
commonly had two nuclear bag fibers,
and spindles with three bag fibers were
relatively uncommon, never exceeding
10% of the spindle population in any one
muscle (Table 2). No spindle was seen
with more than three bag fibers. In¬
trafusal fiber content was thus lower in
neck muscle spindles than in hindleg, with
the exception of occipitoscapularis. Occip¬
itoscapularis muscles, like hindlimb mus¬
cles (20), had average bag fiber contents
equaling or exceeding 2.0 (Table 1).
Nuclear chain fibers were found in all
spindles except three. In most spindles,
one to eight chain fibers were present and
chain fibers usually outnumbered bag
fibers. As Table 2 shows, spindles witb
only one bag fiber tended to have fewer
chain fibers (mean = 3.36) than spindles
with two or three bag fibers (mean = 4.72
and 5.13, respectively).
table 1. Chain and bag fiber content of neck muscle spindles
Bag Fibers n Chain Fibers n
Occipitoscapularis 2.03 ±.03 29 4.03 ±.14 29
Splenius 1.71 ±.02 466 4.12 ±.06 466
Biventer cervicis 1.83 ±.02 369 4.58 ±.05 369
Complexus 1.66 ±.02 392 4.42 ±.06 392
Rectus capitis major 1.87 ±.04 126 4.45 ±.10 126
Values are means ± SE.
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table 2. Relationship between chain and bag fiber content of neck muscle spindles
No. of
Bag Fibers
No. of Chain Fibers
0 1 2 3 4 5 6 7 8 Total
1 2 10 60 150 98 37 12 3 0 372
2 1 0 3 52 354 405 155 14 2 986
3 0 0 0 2 7 6 4 5 0 24
Total 3 10 63 204 459 448 171 22 2 1,382
Conjunctive forms
We have introduced the term "conjunc¬
tive form" as a blanket term to include all
spindles which either share elements or
which exist in close physical contact with
other spindles. In occipitoscapularis, only
a minority of spindles (Table 3) were in
conjunctive forms. However, in all the
other muscles a high proportion of spin¬
dles occurred in one of three forms of
conjunction. These spindle conjunctions
have been previously described and are
called tandem or series linkages (11, 14,
18, 32, 34), parallel or compound linkages
(10, 18, 30, 34), and paired linkages (34).
The morphology of the tandem linkage in
cat neck muscles is as varied as in
hindlimb muscle (11). Sometimes only one
intrafusal fiber projects beyond one spin¬
dle capsule into a second spindle capsule,
to link them in series. In other spindles,
all the intrafusal fibers may enter a second
capsule, rarely to form an identical spin¬
dle pair, or more commonly to be joined
by additional intrafusal fibers. The dis¬
tance between the capsules of tandem
spindles varied considerably but only
rarely exceeded 1,000 fjan. Well-separated
tandem spindles generally shared only
one intrafusal fiber, while spindles closely
approximated at their poles were often
linked by more than one intrafusal fiber.
Closely approximated tandem spindles
had complex junctional arrangements so
that there is no obvious discontinuity be¬
tween capsules (Fig. 1).
As in cat hindlimb muscles (11), tandem
linkages can exist between more than two
spindles, and arrays involving up to five
spindles were found in all of the three
larger muscles. Arrays were either linked
by a single fiber running through all cap¬
sules in succession or by a series of link¬
ages formed by a few fibers, each linking
in succession two or three capsules of the
complex. Such an array is illustrated in
Fig. 2. Some of the morphology of the
array is shown in Figs. 3 and 4.
Paired linkages
Spindles which have some form of
mechanical contact with one another
without sharing intrafusal fibers have
been regularly described in human (18)
and cat muscle (10, 11), and have been
called paired complexes (34). In cat neck
muscles, paired complexes are abundant.
The degree of contact between spindles
varies from one extreme where only the
ends of the capsules abut, to the other ex¬
treme where two capsules lie side by side
throughout their entire length, with their
table 3. Distribution of single and complex spindle forms in dorsal neck muscles
Muscle Cat Total Single Tandem Paired Parallel
Occipitoscapularis A 6 6 0 0 0
D (R) 15 13 0 0 2
D (L) 11 7 0 0 4
Splenius E 189 97 60 38 2
Biventer cervicis C 173 55 57 54 4
Complexus F 190 62 57 84 2
Rectus capitis major A 30 12 2 16 0
B (L) 44 19 2 23 0
B (R) 38 15 9 14 0
C 57 21 10 29 2
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fig. 1. Diagram to show the junctional arrangements of tandem spindles. It can be seen that the two
spindles have a continuous capsule. The second capsule forms a lamellar partition in the first, closely
investing the shared fiber and acting as a termination point for shorter unshared fibers. Long unshared
intrafusal fibers lie to one side of this wall and extend for up to 1 mm beyond their capsule to terminate in
perimysial connective tissue or tendon. Nuclear bag fibers shown as thick rods; chain fibers, as thin rods.
equatorial enlargements staggered. In
contrast to spindles in tandem, paired
spindles are usually of similar size, each
containing two bag and four to six chain
fibers.
Each spindle in a pair appears as an au¬
tonomous unit, but the two spindles are
surrounded by perimysial connective tis¬
sue threads which hold the spindles to¬
gether. Occasionally, the investing mem¬
branes are thickened to give the appear¬
ance of an outer capsule investing the two
spindles.
Parallel spindles
A third type of complex that was seen is
called a compound complex (10, 18, 30)
or a parallel complex (34). In this ar¬
rangement, spindles are separated at their
polar regions into distinct capsules, which
are bound closely together by contiguous
outer lamellae. However, the lamellae at¬
tenuate toward the equatorial region and
terminate so that there is no separation of
intracapsular spaces at the equatorial re¬
gion. Both sets of intrafusal fibers lie in a
common capsule for a distance of 100-
500 p.m (Fig. 5), with the equatorial
aggregations of nuclei and primary inner¬
vation of each set of intrafusal fibers
staggered and about 100-500 /am apart.
The myelinated branches of primary affer¬
ent endings to one set of intrafusal fibers
remained well separated within the cap¬
sule from those of the other set, but it was
not obvious whether these two sets of af¬
ferent branches merge outside the cap¬
sule.
Spindle complexes
Elaborate spindle complexes formed by
several spindles are common in amphibia
(23) and have occasionally been described
in cat hindlimb (11). They have now been
found in the three large muscles, splenius,
biventer cervicis, and complexus. These
complexes may be formed by one kind of
linkage only, e.g., tandem or parallel (Fig.
6), but more usually incorporate more
than one linkage type in their structure.
Complexes may also be in close associa¬
tion with a Golgi tendon organ (Fig. 2).
Spindles in such complexes frequently
participate in more than one variety of
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linkage, and two spindles were found
which participated in all three varieties of
linkage. They were parallel to each other,
paired with a third unit, and in tandem
with a series of three further units.
Spindle content of individual
neck muscles
Table 4 summarizes the numbers and
densities of spindles in the 15 cat neck
muscles examined in this study. Spindles
which form part of a spindle complex are
listed individually. Splenius, biventer cer-
vicis, complexus, and rectus capitis major
all have very high spindle indexes (46—
107 per gram), but occipitoscapularis has
a much lower spindle index, in the range
of 13-19 per gram.
Although spindle indexes for the same
muscle may vary between animals, in cat
neck muscle, they are, as in rabbit (9),
much more consistent for the same mus¬
cle in the same animals. Two muscle pairs,
one occipitoscapularis and the other rec-
2 tus capitis major, were examined, each
pair from a different animal. The spindle
;< indexes for the two occipitoscapularis
4 t muscles were 18.7 and 16.1; for rectus
* capitis major, 58.7 and 61.3.
°
The incidence of complex forms in the
muscles examined is shown in Table 3. It
should also be noted that since one spin¬
dle may participate in a variety of con¬
junctive forms, that spindle will be
counted in more than one category. For
■9 this reason, the total number of spindles
in the subcategories in Table 4 usually ex-
ceeds the actual spindle count.
•11
-■j occipitoscapularis. This muscle had
14 the lowest spindle contents of any of those
"11 examined, with no more than 15 spindles
in any one muscle and spindle densities
ranging from 13 to 19 spindles per gram
(Table 4). Spindles were well separated
fig. 2. Diagram of spindle array in which five
spindles exist in tandem, sharing one common nu¬
clear bag fiber. Spindle capsules are shown as curved
light lines; nuclear chain fibers, as thin straight lines;
nuclear bag fibers, as thick straight lines. The outline
at the top of the diagram to one side of the spindle is
of a Golgi tendon organ that is in dyad with the
upper spindle. The transverse lines indicate the
plane of section illustrated in Figs. 3A and B and 4A
and B.
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but located solely in the central core of
the muscle (Fig. 7A). The large majority
of spindles in occipitoscapularis muscles
were single, and no spindles were found
in tandem or paired linkages. In one
muscle (Table 3), 4 of 11 spindles were in
parallel; 2 other parallel spindles were
found in a second muscle.
splenius. A total of 509 spindles were
examined in three splenius muscles with
spindle densities ranging from 47 to 66
spindles per gram. Spindles were
confined to the core of each muscle,
evenly spaced in a plane roughly parallel
to the dorsal surface (Fig. 8). We have
shown in histochemical experiments (29)
that core regions of splenius contain most
of the slow fibers.
A considerable number of splenius
spindles were arranged serially in chain¬
like tandem or paired complexes of up to
six units. In the one splenius muscle care¬
fully scrutinized for the presence of con¬
junctive linkages, 60 of 189 spindles
(31%) formed tandem linkages and 38
(20%) formed paired linkages; 51% of
spindles did not form part of a complex.
biventer cervicis. A total of 421 spin-
dles were found in three biventer cervicis
muscles. Spindle density ranged from 74
to 96 spindles per gram. The distribution
of spindles within this muscle was scat¬
tered and uneven, with some cir¬
cumscribed regions of the muscle contain¬
ing large numbers of spindles, while other
regions were almost devoid of spindles.
Unlike both occipitoscapularis and
splenius, spindles were not confined to
the muscle core but were also located
close to most muscle edges (Fig. 9A) and
were particularly common in the region
of tendinous inscriptions.
Conjunctive spindles were particularly
difficult to trace in biventer cervicis be¬
cause they were frequently associated with
the tendinous inscriptions that distorted
and obscured spindle fine structure.
Nonetheless, in the one muscle carefully
examined for conjunctive forms, 60 of
173 spindles (35%) were found to be in
tandem linkages and 54 spindles (31%)
were paired. Only four spindles (2%)
were observed in parallel. The distribu¬
tion of the conjunctive spindle population
within this muscle is shown in Fig. 10.
complexus. The two complexus muscles
examined contained the largest popula¬
tion of spindles of the muscles surveyed
(Table 4). One complexus contained 254
spindles and had a spindle density of 107
spindles per gram, while the second had
190 spindles with a somewhat lower den¬
sity of 71 spindles per gram.
The distribution pattern of spindles in
complexus resembles that of splenius,
with a large majority of spindles aligned
in the muscle core from the lateral to the
medial edge. Complexus is a somewhat
thicker muscle than splenius and the
spindles were scattered across a band of
about half the total muscle thickness,
midway between dorsal and ventral sur¬
faces (Fig. 9B). Only a few spindles were
located very close to dorsal and ventral
surfaces. These peripherally placed spin¬
dles usually ran parallel to groups of
fibers which inserted into tendinous in¬
scriptions (29) close to the muscle surface.
As in splenius and biventer cervicis,
several spindle complexes involving
paired and tandem linkages were ob¬
served in complexus muscles. The one
muscle in which spindles were categorized
had 44% of its spindle population in
paired arrangements and 30% in tandem
arrangements; 37% of the spindles were
found to be single and not part of a spin¬
dle complex.
rectus capitis major. The four rectus
capitis major muscles had variable spindle
densities, ranging from 48 to 84 spindles
per gram with an average density of 63
spindles per gram (Table 4). Rectus
capitis major muscle is a small muscle,
weighing less than 1 g (4), so that total
spindle content (ranging from 30 to 57) is
relatively small. Spindles were unevenly
distributed, with most spindles in the
muscle core and very few in the periphery
(Fig. 7B). Rectus capitis major, like
splenius, is a fast muscle with a high
proportion of slow fibers in its core (5, 28)
so that most of its spindles, too, are in the
slow fiber region.
Rectus capitis major muscles had the
highest proportion of paired spindles
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fig. 3. A: photomicrographs of the spindle complex illustrated in Fig. 2 to show transitional zones in a
spindle complex. The two large fibers in the upper left in each section are extrafusal fibers. Numbers refer to
the level of section in Fig. 2. B: line drawings of the intrafusal fibers and capsules shown in A.
seen in neck muscles. Three of the four
muscles had at least 50% of their spindles
in paired arrangements (Table 3). Tan¬
dem arrangements were less common and
ranged in frequency from 5 to 24%. The
proportion of single spindles in all four
muscles examined was about 40% (range
37-43%).
Golgi tendon organs
In the three large muscles, Golgi ten¬
don organs were commonly found in as-
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FIGURE 3B.
sociation with tendinous inscriptions. Al¬
though no special attempts had been
made to preserve the tendon at the origin
and insertion of the muscles, tendon or¬
gans were also seen in these regions. In
one biventer cervicis muscle, 51 tendon
organs were found in the tendinous in¬
scriptions alone. Short fibers insert into
these tendon organs in the same manner
that fibers insert into tendon organs at the
origin and insertion of muscles. No ten¬
don organs were found in the main mus-
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fig. 4. A: photomicrographs of the spindle complex illustrated in Fig. 2 to show transitional zones in a
spindle complex. Numbers refer to the level of section in Fig. 2. B: line drawings of the intrafusal fibers and
capsules shown in A.
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FIGURE 4B.
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fig. 5. Diagram to show typical arrangement of
parallel spindles. Note the capsule discontinuity at
the equatorial region of spindles.
cle mass of either occipitoscapularis or rec¬
tus capitis major, neither of which pos¬
sess tendinous inscriptions.
As has been reported in many other
muscles (25-27), a large number of ten¬
don organs exist in close contact with
muscle spindles. In some of these
spindle-tendon organ dyads (25), the two
receptors were structurally quite inde¬
pendent of one another and merely lay
side by side, but other dyads were so
closely associated that spindles and ten¬
don organ capsules were contiguous. Most
commonly, spindles participating in close
dyad associations were small and con¬
tained a single nuclear bag fiber and only
a few nuclear chain fibers.
DISCUSSION
The most obvious characteristic of neck
muscle receptors is their sheer abundance
in those muscles which serve to move the
head. Indeed, this small group of muscles
contains more spindles than any equiva¬
lent muscle mass in the cat. The common
factor associated with high spindle density
does not appear to be just that the muscle
is a neck muscle or that it is inserted into
the lamboidal crest, but that the muscle
has head movement as its prime action.
Occipitoscapularis probably plays little
\
fig. 6. Diagrammatic representation of spindle
complex composed of four paired spindles. Nuclear
bag fibers, thick lines; nuclear chain fibers, thin
lines; capsules shown as curved outlines. Note that
no intrafusal fibers are shared.
role in head movement, but has its origin
in the scapula and has as its primary func¬
tion, rotation of the scapula (21, 29). It
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fig. 7. Diagram to show spindle distribution in a representative A, occipitoscapularis and B, rectus capitis
major muscle. Diagrams are foreshortened and vertical scale = 2 mm, horizontal scale, 3.7 mm (A) and 2.2
mm (B). Lines indicate spindle capsules. The transverse sections indicate spindle distribution within the
muscle substance and were made at levels shown by horizontal lines.
table 4. Spindle contents and spindle index in dorsal neck muscles
Muscle No. of Spindle
Muscle Cat Weight, g Spindles Index
Occipitoscapularis A 0.46 6 13.0
D (R) 0.93 15 16.1
D (L) 0.59 11 18.7
Splenius B 3.18 148 46.5
G 2.59 172 66.4
E 2.99 189 63.2
Biventer cervicis B 2.42 180 74.4
A 0.91 68 74.7
C 1.80 173 96.1
Complexus F 2.66 190 71.4
G 2.38 254 106.7
Rectus capitis major A 0.62 30 48.4
B (L) 0.75 44 58.7
B (R) 0.62 38 61.3
C 0.68 57 83.8
Spindle index measured as spindles per gram.
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FIG. 8. Diagram to show spindle distribution in a representative splenius muscle. Left, longitudinal re¬
construction with spindle capsules indicated as straight lines. Well-defined tandem junctions indicated by
dots. Right, series of transverse sections at 1-mm intervals in the tissue segment between the two arrows in
the left-hand diagram. The distribution of spindles in muscle substance is indicated in this diagram. Vertical
scale, 2 mm; horizontal scale, 4.3 mm.
may, therefore, be of some significance
that this muscle has a spindle density simi¬
lar to that of locomotor muscles (22) and
far lower than the other neck muscles.
The presence of high spindle densities in
neck muscles concerned with head move¬
ment has now been reported in such
disparate species as man (18, 35), rat (34),
and cat, and must relate in some way to
the motor control of these muscles.
In general, high spindle densities have
been associated with small muscles sub¬
serving fine motor tasks (27). Only rectus
capitis major, of the neck muscles ex¬
amined, can be regarded as small, and
splenius, biventer cervicis, and complexus,
which have equally high spindle densities,
are all relatively large muscles. These
large muscles, however, have a most un¬
usual internal structure based on the
presence of tendinous inscriptions, so that
the muscles are formed of elaborate com¬
plexes of short and long muscle fibers
(29). This elaborate muscle fiber organiza¬
tion is paralleled by an equally complex
innervation. Individual nerves to each
muscle arise from several cervical seg¬
ments and terminate in relatively fixed
positions determined by the particular or¬
ganization of tendinous inscriptions (29).
Thus, each of these three large muscles
forms an anatomical entity but is com¬
posed of subunits which may be function¬
ally dissimilar. The density of receptors in
these muscles might, in part at least, de¬
rive from the role of spindles and Golgi
tendon organs within the individual sub-
units that go to make up the muscle.
It has long been known that spindles
are not randomly distributed within mus-
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FIG. 9. Diagrammatic reconstruction to show spindle distribution in A, biventer cervicis, and B, com-
plexus. Black dots indicate well-defined tandem spindle junctions. Cross sections are from levels indicated
and show the intramuscular spindle distribution. Line alongside complexus represents midline of animal.
Vertical scale, 2.0 mm; horizontal scale, top, 2.0 mm, bottom, 4.0 mm.
cles, but tend to occupy fixed positions
(13, 15, 24, 30, 32). Indeed, as a historical
note it should be remembered that Sher¬
rington (30) first directly implicated the
spindle in the stretch reflex by taking ad¬
vantage of the location of spindles in the
aponeurosis of the rectus femoris muscle.
In those experiments, Sherrington (30)
was able to show that removal of the
aponeurosis (and thus the spindles)
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fig. 10. Spindle content and distribution of
complex forms in one biventer cervicis muscle.
Paired spindles lie side by side and are indicated by
line thickening. Tandem spindles marked by dots;
widely separated tandem spindles joined by thin
lines. Two parallel spindles marked by diamonds.
Calibration: horizontal, 1.7 mm; vertical, 2 mm.
abolished the stretch reflex. In general,
there has been little regard paid to the
significance of spindle positioning, but re¬
cent experiments have shown that, in the
cat extensor digitorum longus, the posi¬
tion of a spindle in the muscle is impor¬
tant in determining its static response
(28). In splenius, biventer cervicis, and
complexus, the fairly fixed patterns of
spindle distribution may reflect functional
differences between individual spindles in
a muscle population, which are essential
to the motor control of that muscle.
Another striking aspect of spindle loca¬
tion in neck muscles is the relationship of
spindles to muscle fibers of different en¬
zyme profiles. Individual fibers of neck
muscle have histochemical profiles consis¬
tent with their classification as fast, fatigue
resistant; fast, readily fatigued; or slow
(29). On the basis of the predominant
fiber content, the muscles themselves can
be categorized as fast, slow, or inter¬
mediate (4, 29). As in the muscle of the
cat hindleg (31), the spindle index of the
slower neck muscles is higher than the
spindle index of the fast muscles. Fur¬
thermore, even in predominantly fast
muscles such as splenius, the spindles
are restricted to those parts of the muscle
which contain mainly slow fibers (28). Yel-
lin (37) has described a similar association of
spindles with slow fibers in a number of
rat muscles, and the rich accumulation of
spindles in extraocular muscles lie in
those peripheral parts of the muscle (17)
where small and functionally slow fibers
predominate (8). This association of spin¬
dles with slow muscle fibers appears now
to be so common that it must be regarded
as subserving a functional role.
That muscle spindles exist in conjunc¬
tive forms with one another has long been
known (18, 30). The incidence of muscle
spindle complexes varies from muscle to
muscle. In cat rectus femoris and soleus,
16-20% of spindles are in tandem (11,
32), and one gastrocnemius muscle has
been described with up to 44% of its
spindles in tandem (32). Of the muscles
we have examined, splenius, complexus,
and biventer cervicis all have about 30%
of their spindles in tandem. Biventer cer¬
vicis and complexus additionally contain
large numbers of paired spindles, so that
the majority of spindles in both these
muscles exist in complex forms. Swett and
Eldred (32) proposed that the tandem
linkages, which they observed to stretch
from aponeurosis to aponeurosis in cat
gastrocnemius, may serve to identify length
change anywhere in the muscle. However,
there is no experimental evidence to
suggest that complex spindles have unique
or specific sensory properties.
In the rat tail, parallel spindles consti¬
tute up to 40% of the population, but an
examination of the physiological charac-
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teristics of rat tail receptors failed to pro¬
vide any evidence that parallel spindles
had different sensory characteristics from
simple spindles (7, 34). It is possible that
the importance of spindle complexes lies
not in their sensory role, but rather in the
manner in which fusimotor control is
exercised. A fusimotor fiber shared by
two or three spindles will exert effects on
many more receptors than a single un¬
shared fiber. It would seem that to the
existing complexities of fusimotor control
systems must be added the complexities
created by the existence of a hierarchy of
fusimotor fibers. The rank of a fusimotor
neuron in the system will be determined
by the number of receptors that it
influences.
Individual spindles in neck muscles dif¬
fer only marginally in their morphology
from hindleg spindles but, as a general
rule, neck muscle spindles have fewer in¬
trafusal fibers. Unlike hindleg spindles
(20), neck muscle spindles often have only
a single bag fiber and never have more
than three bag fibers. The reduced
number of intrafusal fibers in neck muscle
spindles may mean that the number of re¬
ceptors in these spindles is fewer than in
hindlimb spindles.
While no comprehensive study of Golgi
tendon organs was possible in the present
work, the presence of numerous tendon
organs in tendinous inscriptions was strik¬
ing. As in many other studies (25, 26),
these tendon organs were frequently
found associated with spindles in dyads.
The anatomical contiguity of spindles and
tendon organs should enable different in¬
formation concerning the same muscle
site to be collected. This might be of par¬
ticular importance in muscles organized
in subunits like splenius, complexus, and
biventer cervicis. The occurrence of dyads
can no longer be considered a random
event, with the association of spindles and
tendon organs "by chance" (27), but the
dyad should be recognized as a common
muscle receptor entity which must serve a
functional role.
The muscles that serve most im¬
mediately to move the head have a
number of unusual specializations, as do
their receptors. The central projections
from these afferents also have some un¬
usual features. While monosynaptic con¬
nections to neck motoneurons have been
reported from cervical afferents (36), the
bouton density on upper cervical
motoneurons is low (33) and, despite the
large numbers of spindles that are pres¬
ent, no significant monosynaptic reflex
exists in the upper cervical cord (5). Affer¬
ent input from neck muscles is clearly
of importance in the control of neck
motoneurons, but this input operates
through long loop pathways. For exam¬
ple, neck muscle afferent information is
combined with inputs from the retina and
extraocular muscles in the superior col-
liculus to influence output to neck muscles
through the tectospinal tract (6). Neck
muscle afferents also influence reticulo¬
spinal output through connections to the
tectoreticular system (unpublished obser¬
vations) and can influence lumbosacral
excitability through mechanisms involving
the cerebral cortex (1). The neck muscle
spindle system, while it has no simple
segmentally based role, is an integral part
of the complex descending systems that
control head movement and enable head
movements to be integrated with the re¬
quirements of the visual, auditory, and ol¬
factory systems. It is perhaps the close
and necessary association of the neck
muscle afferent system with these major
sensory systems that explains the extreme
postural consequences of interference or
damage to neck muscle afferents, which
have so often been reported (2, 3, 12, 16),
SUMMARY
Silver-stained sections have been
examined from the five dorsal neck mus¬
cles, splenius, biventer cervicis, com¬
plexus, rectus capitis major, and occipito-
scapularis. Every serial section was ex¬
amined for at least one muscle of each
type so that a complete description of the
spindle distribution and morphology
could be made. With the exception of oc-
cipitoscapularis (whose prime function is
probably in scapula rotation and not in
head movement), neck muscles have a
remarkably high spindle density. Oc-
cipitoscapularis has a spindle density simi¬
lar to that of hindleg locomotor muscles
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(13-19 per gram), but splenius has a den¬
sity of 46-66 per gram, biventer cervicis
74-96 per gram, complexus 71-107 per
gram, and rectus capitis major 48-84 per
gram. Such high densides have only pre¬
viously been seen in small muscles whose
total spindle population is not large. Be¬
cause of the relatively large size of some
neck muscles, individual muscles with a
spindle content of up to 254 spindles have
been found.
In general, those muscles, which be¬
cause of their histochemistry have been
classified as slow, have higher spindle in¬
dexes than those muscles which are clas¬
sified as fast. Even in fast muscles, spin¬
dles are usually present in regions rich in
slow extrafusal fibers. The spindle dis¬
tribution for each muscle is similarly or¬
ganized from animal to animal.
We have introduced the term conjunc¬
tive form to describe arrangements in
which spindles either share elements or
have some degree of physical contact. The
proportion of conjunctive forms in some
muscles is so great that the majority of
spindles are in such arrangements. The
content of each type of conjunctive form
tends to be characteristic for each muscle.
Thus, the number, distribution, and type
of spindle complement is a relatively fixed
characteristic for each neck muscle. Large
numbers of Golgi tendon organs were
present in the tendinous inscriptions,
commonly in dyad with spindles.
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P.K. ROSE*and V.C. ABRAHAMS. Department of
Physiology, Queen's University, Kingston,
Ontario. Unit response in the superior
colliculus and its relationship to activation
of receptors in extraocular muscle.
We have recently demonstrated (Abrahams
and Rose, J. Neurophysiol. ^5. (1975)p.10-18),
that the extraocular muscle receptors consti¬
tute the most abundant source of afferent
information to the superior colliculus in the
cat. The nature of the information conveyed
from extraocular muscles to the superior
colliculus has now been examined. Extraocular
muscles were passively stretched by movinp an
occluded eye with a shaker controlled by a
function penerator. It was found that the
unit response in the superior colliculus to
eye movement was a brief burst discharp,e.
This occurred as the eye passed a fixed point
in the orbit (displacement threshold). Such
a discharp.e only occurred provided a minimum
velocity was exceeded (velocity threshold).
Displacement thresholds ranped from 6-30 .
Velocity thresholds lay mainly between 50 and
U50°/sec, with a second proup responding at
velocities ranging from 600-750•/sec.
Receptors in extraocular muscles can thus
signal precise information -'oncerning eye
position to the superior colliculus, not when
the eye executes slow movements or movements
of less than 6 , but only when the eye moves
at saccadic velocities for excursions in
excess of 6 .
Supported by M.R.C. of Canada.
Proceedings of the First World Congress
of the International Association for
the Study of Pain, 1975.
Proprioceptive Projections to the Spinal
Nucleus of the 5th Nerve in the Cat. V. C.
Abrahams and F. J. R. Richmond, Dept..of
Physiology, Queen's University, Kingston,
Ontario, Canada K7L 3N6.
The physiology of the caudal part of the
spinal nucleus of the trigeminal nerve (CspV)
has still failed to resolve the clinical
evidence for a role of this region in pain
perception, for the bulk of its trigeminal
input is from low threshold receptors. A
better insight into the role of the CspV may
be obtained if it is regarded, not in terms
of sensory physiology, but motor physiology.
The upper cervical segments in which CspV
terminates contain motoneurones that serve
the primary function of head movement. These
are also the segments where the sensory axons
from neck muscle receptors enter the nervous
system. The segmental motor organisation of
the upper cervical cord differs in a number
of important ways from that in the lumbo¬
sacral cord. There is no monosynaptic reflex,
segmental reflexes are weak, and there
appears to be a greater dependence on long
looping pathways which enable input from many
sensory modalities to influence motor
activity. It seems likely that trigeminal
input is an important element in this motor
system. A microelectrode analysis of input
to the upper cervical cord shows that
trigeminal afferents and neck muscle
afferents excite units particularly in lamina
V. These units can give rise to ascending
pathways or participate in segmental reflexes
(or both). Fibres which ascend in the dorsal
columns from neck muscle afferents are
associated with CspV, Many terminate in a
restricted part of CspV close to the obex on
cells that have their activity influenced by
light facial stimulation. The association
of cutaneous and proprioceptive afferents is
characteristic of many kinds of motor
organisation and it seems appropriate to
revive the older 'idea that CspV has a motor
role. An obvious role is in the organisa¬
tion of head movement following any facial
stimulus. If that stimulus is damaging or
potentially damaging then the head movement
will be aversive. The association of a pain
perception with such an aversive head motor
act finds an obvious parallel in the well
known association of a pain perception with
limb flexor reflexes.
Supported by MRC of Canada.
Soc. Neurosc., 5th Ann. Meeting, 1975, Neurosc. Abst., 1_, p. 160. #24-8.
THE ORGANISATION OF MUSCLE AFFERENT AND CUTANEOUS INPUT TO THE UPPER
CERVICAL CORD IN THE CAT. V. C. Abrahams and F. J. R. Richmond-. Dept.
of Physiology, Queen's University, Kingston, Ontario K7L 3N5.
The motor functions of the upper cervical cord are mainly confined to
head movement. The segmental organisation of this part of -the spinal cord
would therefore be expected to reflect the intrinsic organisation and
specialisation of the head movement system. Certain unique specialisa¬
tions have already been found in these segments, for example, the absence
of a monosynaptic reflex (Abrahams, Richmond and Rose, Brain Res. 92, 130,
1975). We have now made a microelectrode study of the distribution of
units in CI to C3 activated by skin and neck muscle afferent stimulation.
In general the distribution of such units is similar to that found else¬
where in the spinal cord in that cutaneous units predominate in the more
dorsal region of n. proprius and both muscle and cutaneous afferents pro¬
ject to the deeper regions of the nucleus. At these deep levels conver¬
gence and interactions between cutaneous and neck muscle afferents can be
demonstrated. As expected the most effective cutaneous stimuli are those
applied to areas of the face supplied by the trigeminal nerve, and only a
minority of cutaneously activated units could be excited by stimulation of
neck skin. It may be concluded that the laminar organisation of afferent
projections to the upper cervical cord is similar to that of the lumbo¬
sacral cord with one important exception. Segmental relations are dis¬
placed and trigeminal input substitutes for segmental cutaneous inflow at
least in CI and C2. Such an arrangement would seem appropriate for a
segmental organisation concerned with head movement, for facial stimuli
can be prepotent in leading to head movement. It also explains the
projection of facial afferents into upper cervical segments, and the fact*
that at this level there is no morphologically distinct spinal nucleus of
the trigeminal nerve. Supported by MRC and Queen's University.
"Studentship of the MRC.
Fed. Proc., 35, (1976), 291.
PHYSIOLOGICAL PROPERTIES OF DORSAL MUSCLES OF THE CAT NECK.
F. J. R. Richmond" and V. C. Abrahams. Queen's University,
Kingston, Canada K7L 3N6
In previous histochemical studies, we have shown that each
large dorsal muscle of the cat neck has a characteristic com¬
position of fibres. We have also shown that these muscles are
composed of a mixture of short and long muscle fibres. The
physiological properties of these muscles have now been exam¬
ined. Length-tension curves for passive stretch, twitch and
tetanic contractions were constructed. The twitch time char¬
acteristics and tetanus fusion frequencies were examined at
the muscle length giving peak active tension. These experi¬
ments show that splenius is functionally a relatively fast
muscle and biventer a slow muscle. Complexus has fast contra¬
ction characteristics approaching those of splenius, probably
reflecting functional domination by the fast fibre component.
Dorsal neck muscles are multiply innervated and previous
experiments suggested that each of the nerves might innervate
different populations of long and short muscle fibres. It was
found that each nerve innervates a relatively fixed region of
muscle close to the nerve entry and neighbouring muscle fibre
populations innervated from different motor nerves may have
quite different length-tension responses and speed of con¬
traction. This could arise from the excitation by different
nerves of populations of different fibre length, or-it might
relate to the internal order of elastic structure within the
muscles, or to a combination of both these factors.
(Supported by M.R.C. of Canada)
Fed. Proc., 35, (1976), p. 48M-.
TECTOSPINAL AND TECTORETICULAR CELLS; THEIR DISTRIBUTION AND
AFFERENT CONNECTIONS. V. C. Abrahams and P. K. Rose-, Queen's
University, Kingston, Canada K7L 3N6
Stimulation of the medial longitudinal fasciculus in the
region of the contralateral pontine reticular formation leads
to the antidromic excitation of cells in the superior collic-
ulus. About half of these cells can also be antidromically
activated by stimulation in the contralateral upper cervical
spinal cord and are therefore tectospinal tract cells. The'
remaining cells are tectoreticular cells. The two cell popu¬
lations have been found to be unevenly distributed within the
superior colliculus, with tectospinal tract cells predominat¬
ing in mid-regions and tectoreticular cells predominating in
anterior regions. Both cell types have similar afferent in¬
puts and are activated by neck and extraocular muscle affer¬
ents as well as by visual stimulation. However, prolonged
inhibition characteristically follows excitation of tecto¬
spinal cells. Statistical analysis did not reveal any other
difference in the input to the two cell populations. Measure¬
ments of conduction velocities of tectospinal cells anti¬
dromically activated by both reticular and spinal stimulation
revealed discrepancies best explained by the existence of
tectospinal axon collaterals to reticular nuclei. Examination
of these discrepancies in conduction velocity suggest that
about 80% of the tectospinal cell population have such
collaterals. Thus part of the tectoreticular system consists
of collaterals of the tectospinal tract. (Supported by M.R.C.
of Canada)
Proc. Can. Fed. Biol. Soc., 19th Ann. Meeting, 1976.
V.C. ABRAHAMS, G. ANSTEE* and F.J.R. RICHMOND".
Dept. of Physiology, Abramsky Hall, Queen's
University, Kingston, Ontario K7L 3N6.
Further studies on the organisation of the
upper cervical cord.
The grey matter of the upper cervical cord
contains a number of specialised structures
which do not appear at other lev'els of the
spinal cord. These include the descending
tract of the trigeminal nerve and a precere-
bellar nucleus, the central cervical nucleus.
In the present experiments two aspects of the
physiology of these structures have been exam¬
ined. The first is whether spinal connections
of the trigeminal nerve have a motor role in
head movement. The second is the nature of the
afferent input to the central cervical nucleus.
A motor role of the trigeminal system seems
certain. Not only do interneurons in C2 and C3
ventral horns respond to trigeminal stimulation
after a latency of 1 to 2 msec but it has also
been demonstrated that neck motoneurons in C2
and C3 are activated by trigeminal stimulation
with latencies as short as 7 msec. The exam¬
ination of the medial cervical nucleus has
shown that its cells receive input from splen-
ius, biventer cervicis and complexus muscle
afferents as well as from the trigeminal nerve.
It seems likely that one role of the central
cervical nucleus may be in the cerebellar
organisation of head movements initiated by
stimulation of the vibrissae or facial skin.
(Supported by MRC of Canada)
Can. Physiol., 7_, 1976, p. 50.
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PHYSIOLOGICAL PROPERTIES OF DORSAL MUSCLES OF THE CAT KECK. F. J. R.
Richmond and V. C. Abrahams, Department of Physiology, Abranisky Hall,
Queen's University, Kingston, Ontario K7L 3N5.
In previous histochamical studies, we have shown that each large dorsal
muscle of the cat neck has a characteristic composition of fibres which
suggests that one muscle (splenius) is functionally fast, one (complexus)
has intermediate characteristics, and one (biventer cervicis) is slow.
Ke have also shown that all these muscles have an unusual internal archi¬
tecture and are composed of a mixture of short and long muscle fibres
arranged around collagenous bands called tendinous inscriptions. The
physiological properties of these muscles have now been examined.
Muscles were dissected free of their neighbours. The section of
lamboidal crest serving as insertion for the muscle under examination was
also freed and attached to a tension transducer rigidly mounted on a
massive motor-driven base. The muscle origin was fixed by means of clamps
on both lower cervical vertebrae and the scapula. Length-tension curves
for passive stretch, twitch and tetanic contractions were constructed.
The twitch time characteristics and tetanus fusion frequencies were
examined at the muscle length giving peak active tension. Results of
these experiments confirm the supposition based on histochemical findings
that splenius is functionally a relatively fast muscle and biventer a slow
muscle. Complexus, which on histochemical grounds appears to be inter¬
mediate in its properties, has fast contraction characteristics approaching
those of splenius, probably reflecting functional domination by the fast
fibre component.
Dorsal neck muscles appear functionally more complex than the more
commonly studied cat muscles. The muscles are multiply innervated and
previous experiments suggested .that each of the multiple nerves to neck
muscles might innervate different populations of long and short muscle
fibres. In the present experiments it vras found that each nerve innervates
a relatively fixed region of muscle close to the nerve entry. Neighbouring
muscle fibre populations innervated from different motor nerves may have
quite different length-tension responses and speed of contraction. The
origin and significance of this is not yet clear. It could arise from the
excitation by different nerves of populations of different fibre length,
or it might relate to the internal order of elastic structure within the
muscles, or to a combination of both these factors.
Supported by M.R.C. of Canada.
Can. Physiol., 7_, 1976, p. 16.
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SENSORY AMD MOTOR FIDRE SPECTRA OF NECK MUSCLE NERVES IN THE CAT. G. C.
B. Anstee-, F. J. R. Richmond and V. C. Abrahams, Department of
Physiology, Abramsky Hall, Queen's University, Kingston, Ontario K7I, 3NS.
Descriptions of the fibre composition of muscle nerves have largely
been based on a study of nerves which supply muscles of the cat hindlimb.
These fibre spectra vary from muscle to muscle and are presumably related
both to the content of sensory receptors in any given muscle and to its
motor organization. The large dorsal neck muscles responsible for head
movement differ considerably in both their motor characteristics and
sensory organ content from hindlimb muscles. Dorsal neck muscles of the
cat neck have the highest spindle contents of any cat muscle and each
muscle is innervated by several well-separated nerves taking origin from
different cervical segments. Fibre spectra of nerves to these muscles
have now been constructed so that the motor and sensory innervation to
these muscles could be examined. Nerve fibres were counted and measured
in muscle nerves from cats chronically deafferented on one side. The
fibres surviving ganglionectomy were considered to be motor, and sensory
fibre content was estimated by subtracting the number of fibres surviving
ganglionectomy from the fibre content of the equivalent intact nerve.
Sensory fibre spectra in neck muscle nerves depart substantially from
the usual bimodal distribution and have Instead a skewed distribution with
a single very large peak of fibres 3 to 6 p in diameter (Gp II and III).
Motor fibres constitute only a small proportion of neck muscle nerves,
usually less than 20% and fibres in the gamma size range constitute from
64 to 99% of these motor fibres. Some nerve branches were found which
were purely sensory, others that wer.- purely motor, and some motor nerves
were found containing only gamma fibres. Clearly the fibre spectra of
neck muscle nerves are very different from those of typical hindlimb
nerves. The relative paucity of Group I fibres is unexpected considering
the high content of Golgi tendon organs and muscle spindles in the nerves.
The possibility may exist that the usual classification of muscle afferent
function based on fibre diameter may not apply for neck muscle nerves.
However, there can be no doubt that these nerves have a major sensory role.
Supported by M.R.C. of Canada.
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Motor and sensory fibres of neck muscle nerves in the cat
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Richmond, F. J. R., Anstee, G. C. B„ Sherwin, E. A., and Abrahams, V. C. 1976.
Motor and sensory fibres of neck muscle nerves in the cat. Can. J. Physiol. Pharmacol. 54,
294-304.
The numbers and sizes of nerve fibres to the dorsal neck muscles, splenius, complexus
and biventer cervicis have been examined in the cat. The total number of fibres is unusually
high as is the content of sensory fibres (estimated as the loss of fibres after ganglionectomy).
The fibre spectra of these sensory nerves has an unusually large number of fibres in the
group II and III range (3-7/xm) and differs markedly in this way from other muscle
nerves. The motor fibres contain a high proportion (64-99%) in the gamma fibre size
range. Large motor fibres are absent in the nerves to biventer cervicis (a slow muscle).
The ratio of unmyelinated to myelinated fibres in neck muscle nerves is similar to that in
hind legs at about 2.5:1.
Richmond, F. J. R., Anstee, G. C. B., Sherwin, E. A. et Abrahams, V. C. 1976.
Motor and sensory fibres of neck muscle nerves in the cat. Can. J. Physiol. Pharmacol. 54,
294-304.
Le nombre et la taille des fibres nerveuses se rendant aux muscles dorsaux du cou,
splenius, complexe et digastrique sont explores chez le chat. Le nombre total de fibres est
eleve, tout comme le contenu en fibres sensorielles (estime d'apres la diminution du
nombre de fibres apres ablation ganglionnaire). Ces fibres sensorielles comprennent un
nombre inhabituellement eleve de fibres du groupe II et du group III (3 -7 gm) et
different en cela des fibres innervant les autres muscles. Les fibres motrices contiennent
une proportion elevee (64-99%) de fibres ayant la taille des fibres gamma. Les grosses
fibres motrices sont absentes dans les nerfs innervant le digastrique (muscle lent). Le
rapport (fibres non myelinisees - fibres myelinisees) dans les nerfs innervant les muscles du
cou est semblable a celui observe dans les pattes arrieres (a peu pres 2.5:1).
[Traduit par le journal]
Introduction
The examination of sensory and motor fibres
in muscle nerves has provided data essential for
the analysis of peripheral mechanisms con¬
cerned with motor function. Flitherto attention
has largely been directed to muscle nerves of
the hind leg (Sherrington 1894; Eccles and
Sherrington 1930; Rexed and Therman 1948;
Lloyd and Chang 1948; Boyd and Davey
1966; Stacey 1969). The data which are now
presented concern a group of three dorsal neck
muscles in the cat. These muscles, splenius,
complexus and biventer cervicis, have as their
primary function, the support and movement
of the head (Elliott 1935; Richmond and
Abrahams 1975a). Because of its relationships
with the vestibular system and the major sen¬
sory systems of vision and audition, the head
motor control system poses a unique problem
in motor physiology. The three muscles under
'Studentship of the MRC.
examination have already been shown to
possess a number of intrinsic specializations
that set them apart from other muscle groups.
These specializations are seen both in their
sensory apparatus, for they possess an un¬
usually high density of both spindles and Golgi
tendon organs (Richmond and Abrahams
19756), and also in the unusual organization
of their contractile elements, for the muscles
are composed of arrays of short and long fibres
arranged in a matrix of tendinous inscriptions
(Richmond and Abrahams 1975a).
In most muscles, nerve fibres from a num¬
ber of spinal roots fuse to form a common
motor nerve. However, in these neck muscles,
the motor nerves take origin from three to four
separate cervical roots and do not fuse. Instead,
each nerve from each spinal root preserves its
separate identity for its entire length before
branching and entering the muscle (Abrahams
and Rancier 1973; Richmond and Abrahams
1975a). An examination has now been made
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of the content and size of individual nerve
fibres in the nerve branches from C2 to C4 seg¬
ments to biventer cervicis, splenius and corn-
plexus in cats after a unilateral dorsal root
ganglionectomy. Because quantitative data con¬
cerning the unmyelinated fibre content of
muscle nerves are scanty (cf. Stacey 1969), the
opportunity was also taken to subject the un¬




Seven female cats weighing between 2.4 and 3.5 kg
were anaesthetized either (a) with a single intraperi¬
toneal injection of pentobarbitone sodium (Pento¬
barbital Sodium Injection, Haver-Lockhart) (30 mg/
kg) or, (b) with an intravenous injection of pento¬
barbital sodium (4.5-5.5 mg/kg) following induction
of anaesthesia with a single intramuscular injection of
ketamine hydrochloride (Ketalar, Parke-Davis) (30
mg/kg). Acepromazine maleate (Atravet, Ayerst)
(0.08 mg/kg, im) and atropine sulphate (0.4 mg/kg,
im) were given in conjunction with ketamine anaes¬
thesia. Under aseptic conditions and with the aid of an
operating microscope, dorsal root ganglia were re¬
moved from the left side of the cats. In two cats (A and
B) only the dorsal root ganglion of the second cervical
root was excised. This ganglion lies several millimeters
distal to the intravertebral foramen, and is easily
separated from the ventral root bundle without damage
to the ventral root. The dorsal root ganglion of the
third cervical root lies within the intravertebral fora¬
men between the axis and the third cervical vertebra.
In two cats (C and D) removal of the left C3
ganglion was attempted without bone removal. This
procedure proved unsatisfactory as the ganglion could
not be consistently removed without ventral root
damage. Three further cats (E, F and G) were there¬
fore subjected to a more extensive operative procedure
in which bone overlying the lateral foramina between
the axis and C3, and between C3 and C4, were re¬
moved. This approach allowed a clear view of the C3
and C4 dorsal root ganglia which could then be excised
without damage to the ventral roots or the spinal blood
vessels that travel with these roots. The C2 dorsal root
ganglion was also removed. The ganglia were fixed in
25% buffered formal saline for histological examina¬
tion. The area from which bone was removed was
packed with gelatin sponge (Gelfoam, Upjohn). A
mixture of polymyxin B, bacitracin and neomycin (V-
sporin, Wellcome) was sprayed on the wound before
closure and a streptomycin and penicillin mixture
(Derapen-C, Ayerst), 0.3 cc, was administered intra¬
muscularly following surgery. Motor behavior of all
cats was observed in the immediate post-operative
period.
Between 28 and 35 days after ganglionectomy, the
animals were reanaesthetized with pentobarbital
sodium, 30 mg/kg, ip. Segments at least 5 mm long of
all muscle nerve branches to splenius, biventer cervicis
and complexus were removed on both the operated
and nonoperated sides approximately 5 mm distal to
the point of nerve entry into the spinal cord. When
branching occurred before the level of sampling, the
branches were separately removed. The C2 muscle
nerve branches innervating biventer cervicis are ac¬
companied by the greater auricular nerve, a cutaneous
nerve to the pinna. This nerve was usually stripped
from the muscle nerve bundle before histological prepa¬
ration. In two of the five animals where the presence
of scar tissue prevented this dissection, the greater
auricular nerve was removed and processed together
with the muscle nerves. By also removing a distal seg¬
ment of the isolated greater auricular nerve, the
cutaneous nerve could be identified in the large fibre
bundle and excluded from the count.
Histology
Ganglia
Following fixation for 7 days in 25% buffered
formal-saline, ganglia were cleared and embedded in
a mixture of paraffin and plastic polymers (Paraplast,
Sherwood) and sections were cut serially at 15 pm.
The sections were stained with Holme's silver method
(Drury and Wallington 1967).
Nerve Bundles
Nerve branches were rinsed immediately upon
removal from the animal in sodium cacodylate buffer
(0.1 M, pH 7.4 ±0.2), cut into 1-2 mm lengths, and
fixed in 3% gluteraldehyde for 30-180 nrin. The tissue
was then rinsed in Millonig's phosphate buffer at pH
7.4 and further fixed with 1% osmic acid for 30-120
min. After washing with several changes of phosphate
buffer, the nerves were dehydrated and cleared in
graded alcohols and propyleneoxide, and embedded in
Epon 812 resin.
Transverse sections of all nerves were cut at 0.5-1.0
pm using an LKB ultramicrotome and stained with
toluidine blue.
Electron Microscopy
Blocks of all normal nerves taken from the first four
cats (A, B, C and D) were further cut at 60-90 nm and
mounted on copper grids (mesh 300). These sections
were stained with uranyl acetate (7% uranyl acetate
in 30% methanol) and lead citrate and dried. A Hitachi
type HS7S electron microscope was used for examina¬
tion and photography.
Light Microscopy
A montage method was employed for the construc¬
tion of fibre spectra in cats A, B and C. Using the light
microscope, photographs of sections of the entire nerve
were enlarged to an overall magnification of 1000
times, trimmed and montaged. To count and measure
fibres the montage was then rephotographed and the
slide projected on to a screen at a magnification of 2000
times. Myelinated fibre diameter was measured with
the aid of a Plexiglas sheet with circular cut-outs of
known diameter. Photomicrographs of whole nerve
branches were made at 40 times magnification in cats
E, F and G. This slide was similarly projected at a
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Fig. 1. Relationships between thickness of myelin
sheath and overall fibre diameter. Measurements made
on 625 axons from a single normal splenius nerve.
Open circles, means of original data. Solid line, regres¬
sion line computed from the means. Dotted lines, 95%
confidence limit of the regression line.
2000 times magnification onto a screen for fibre diam¬
eter measurement.
Two procedures have been used previously to indi¬
cate the size of myelinated nerves. In the first the data
has been expressed as the mean of the inside and out¬
side diameter of the myelin sheath (Lloyd and Chang
1948). More recently, the outside diameter alone has
been used for measurement (Sima 1974) and this
latter procedure has been adopted in the present work.
So that the data presented here may be compared with
earlier measurements from which the myelin sheath
diameter has been partly subtracted, the thickness of
more than 600 myelin sheaths was measured in one
normal splenius nerve. The relationship between over¬
all diameter and myelin thickness is shown in Fig. 1.
The regression line equation was computed for this
data and showed the relationship to be * := 0.17 y -f
0.29 (correlation coefficient 0.94), where x is the thick¬
ness of the myelin sheath and y the overall fibre diam¬
eter.
As Fig. 2 shows, not all myelin sheaths are com¬
pletely circular and some criteria must be adopted to
standardize measurements. When a fibre had an irregu¬
lar outline the largest diameter was measured, ob¬
liquely cut fibres were measured across their narrowest
diameter (Sima 1974). Measurements were rounded
off to the nearest micron. To estimate the effect of
ganglionectomy the assumption was made that the
nerve fibres would be approximately symmetrical in
their distribution on both sides of the cat so that the
unoperated side could provide control values. While
this has been a common practice, in two instances the
ganglionectomized side had more fibres than the un¬
operated side. This data implies that nerve fibre content
is not always bilaterally symmetrical and measurement
based on this assumption will always be open to some
error.
No shrinkage correction has been applied to the
measurements. It has been shown that paraformalde-
hyde-gluteraldehyde fixation followed by osmium
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tetroxide post-fixation and Epon 812 embedding, a
procedure similar to that used here, causes less than
5% shrinkage in nerves (Sima 1974). Since the fibre
sizes measured in the present work were the same as or
larger than those reported where correction for shrink¬
age was made (Stacey 1969), it seemed likely that little
shrinkage had occurred. When classifying motor nerves
as alpha or gamma, 7.5 gm has arbitrarily been used as
the dividing line between alpha and gamma fibres
(Matthews 1972). No functional significance can be
attached to this arbitrary division as yet. However, as
Fig. 4 shows, the distribution of neck muscle motor
nerves is often bimodal with a natural boundary lying
between 7 and 10 /xm.
The counts of unmyelinated fibres were made from
EM photomicrographs taken at magnifications of from
2000 to 5000 times. Six to fifteen random sample fields
were taken for each nerve. The numbers of unmyelin¬
ated and myelinated axons were then counted in each
field. Sample sizes per field ranged up to 35 for
myelinated fibres and 200 for unmyelinated fibres. The
ratio of unmyelinated to myelinated fibres for each
nerve was established by pooling the data from all
samples.
Results
Effects of Operative Procedures
on Posture and Locomotion
Dorsal root ganglionectomy of one or more
left upper cervical roots may lead to defects of
posture and locomotion. The degree of deficit
is variable and appears related to the extent of
the deafferentation. Of the two cats which had
C2 ganglionectomy, one showed few postural
or locomotor alterations. The second cat had a
transient ataxia from which it recovered within
7 days, reminiscent of the mild ataxia that can
follow section of neck muscle motor nerves
(Abrahams and Falchetto 1969). However, the
three cats in which C2-C4 ganglia were re¬
moved exhibited prolonged and profound de¬
fects. These cats were unable to walk or stand
for a period of up to 3 days following opera¬
tion. Any attempt by the animal to rise was
unsuccessful and the animal would collapse,
usually to its left side. After 3 days, the ani¬
mals regained some ability to move about, but
lateropulsion was marked and the animals con¬
tinued to fall to their left side, particularly when
attempting to turn. Recovery was considerable
within 1 week and although some locomotor
ataxia was still obvious, the animals could
progress in an adequate fashion. After 4 weeks,
one cat continued to walk on a broad base and
to collapse when attempting to turn. Both the
other cats had recovered completely. At no
time in the post-operative period was nystagmus
seen in any animal.
Myelinated Fibre Content
The results to be presented include data taken
from only six of the seven cats subjected to
ganglionectomy as one cat (D) subjected to
C3 ganglionectomy obviously suffered ventral
root damage, and these nerves showed almost
total degeneration. Data for the second cat (C)
subjected to this same operative procedure ap¬
pear consistent with those seen in subsequent
C3 ganglionectomies, although the gangli¬
onectomy was imperfect and the excised gan¬
glion was seen to have an interrupted outer
capsule and a shredded appearance. Ganglia
taken from the other five animals (A, B, E, F
and G) had been completely and cleanly re¬
moved. The capsule surrounding each ganglion
was intact and dorsal root entry and exit zones
could be identified (Fig. 3).
Compared to hind limb muscles of similar
size (Boyd and Davey 1966; Abrahams and
Rancier 1973), the numbers of fibres in¬
nervating neck muscles are very high. Data
taken from the unoperated side of cats E, F
and G show that of the three muscles examined,
biventer cervicis receives the richest innerva¬
tion, with an average myelinated nerve fibre
count of 3282 in the C2-C4 nerves (Table 1).
Splenius and complexus have an average fibre
count from these same segments of 1522 fibres,
and 956 fibres, respectively. These counts will
not show the total innervation, for nerve fibres
innervate splenius and complexus from the CI
segment and biventer cervicis from segments
below C4.
The fibre spectra of intact nerves to neck
muscles show some departures from the spectra
observed in nerves to hindlimb muscles. In gen¬
eral (Fig. 4), the myelinated fibre diameters
have a skewed distribution from 1.5 to 24 p.m
with a single obvious peak between 3 and 5 /xm.
The bimodal distribution which is normal for
hind leg nerves (Eccles and Sherrington 1930;
Rexed and Therman 1948; Boyd and Davey
1966) was only occasionally seen with a sec¬
ond peak at 12-17 ^m (cf. splenius C4, com¬
plexus C2, and C3, Fig. 4). Even when such a
second peak was obvious it was always reduced
in comparison with the small fibre peak.
Following ganglionectomy, the majority of
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Fig. 3. Transverse section of excised dorsal root ganglion. Magnification X50.
Table 1. Motor and sensory content of nerves supplying splenius, biventer cervicis and complexus. Data from
three cats subjected to C2-C4 ganglionectomy. Alpha fibres are defined as those with diameters above 7.5 fim.
Sensory content computed from fibre loss on operated side following ganglionectomy
Total Total % gamma of
Nerve Cat Total Motor Sensory alpha gamma motor component
Splenius E 1096 298 (27%) 798 (73%) 134 164 55
F 1520 707 (47%) 813 (53%) 221 486 69
G 1951 398 (20%) 1553 (80%) 144 254 64
Biventer cervicis E 4196 194 (5%) 4002 (95%) 58 136 70
F 3131 793 (25%) 2338 (75%) 201 592 75
G 2520 308 (12%) 2212 (88%) 23 285 93
Complexus E 1230 163(13%) 1067 (87%) 29 134 82
F 945 442 (47%) 503 (53%) 152 290 66
G 785 183 (23%) 602 (77%) 34 149 81
myelinated fibres to all three neck muscles were
lost. There is no reason to suppose that this
was due to ventral root damage and thus repre¬
sents a deafferentation. An average of only
24% of myelinated fibres innervating com¬
plexus and splenius and 18% of fibres in¬
nervating biventer cervicis did not degenerate
following ganglionectomy. All but 5% of
myelinated fibres to one biventer cervicis
muscle and 13% of the fibres to one complexus
muscle were lost (Table 1).
Of the fibres remaining after ganglionectomy,
most were of small diameter. Only 36% of
splenius, 30% of complexus and 22% of
biventer cervicis fibres had diameters exceeding
7.5 fim. In the classification of motor fibres,
those with diameters exceeding 7.5 jam are re¬
garded as alpha motor fibres, those with
diameters below 7.5 /xm as gamma fibres
(Matthews 1972). Biventer cervicis, which has
the histochemical characteristics of a slow
twitch muscle (Abrahams and Rancier 1973;
Richmond and Abrahams 1975a), rarely had
any ventral root fibres with diameters exceeding


























































Fig. 4. Histogram of fibre diameters in cat G in individual branches to neck muscles. Open
columns, total fibre count on non-operated side. Shaded columns, fibre count following C2-C4
ganglionectomy.
10 /tm (Fig. 4). In contrast, splenius, and
complexus, which histochemically have a sub¬
stantial component of fast muscle fibres
(Abrahams and Rancier 1973; Richmond and
Abrahams 1975a) commonly have ventral root
nerve fibres with diameters between 10 ^um and
20 ftm and some fibres between 20 and 25 fxm
in diameter.
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Alpha fibres were not evenly distributed in
different nerve branches. Of the 84 deafferented
nerve branches examined, 21 contained no
alpha fibres and consisted exclusively of fibres
with diameters below 7.5 /im. By definition
these branches are entirely composed of gamma
fibres and thus could be exclusively fusimotor.
Of the 21 branches which contained only
gamma fibres, 15 innervated biventer cervicis,
four innervated complexus and two innervated
splenius. No deafferented branches were found
which contained only alpha fibres.
A few nerve branches were found which may
have been exclusively sensory. In cat F, 8 of
the 34 deafferented branches showed degenera¬
tion of all myelinated fibres. These presumed
sensory nerves were present at all three cervical
levels and innervated all three muscles. The
presence of normal myelinated fibres in the re¬
maining 26 nerve branches from the same seg¬
ments argues against the degeneration being
due to damage to the ventral root or its blood
Table 2. Motor fibre content of nerves to neck muscles
splenius, biventer cervicis and complexus, emerging at
different segmental levels. Alpha fibres are those with
diameters above 7.5 fim. Gamma fibres are those below
7.5 jum. Data from cats subjected to
C2-C4 ganglionectomy
Total
Cat Segment motor Alpha Gamma % gamma
E C2 258 85 173 67
C3 302 110 192 64
C4 95 26 69 73
F C2 439 108 331 75
C3 1289 464 825 64
C4 214 2 212 99
G C2 232 82 150 65
C3 534 98 436 82
C4 123 21 102 83
Table 3. Fibre content of normal and deafferented nerves to splenius, biventer cervicis and complexus from
different cervical segments
Total Fibre count % gamma
Cervical Muscle fibre after % (of total
Cat segment nerve count deafferentation motor motor count)
A C2 Splenius 680 197 29 83
Biventer 860 550 64 99
B C2 Splenius 320 750 87
Biventer 1280 460 36 96
E C2 Splenius 379 92 24 63
Biventer 493 43 9 49
Complexus 594 123 21 76
C3 Splenius 473 131 28 38
Biventer 2415 171 7 60
Complexus 636 40 6 100
C4 Splenius 244 75 31 75
Biventer 1288 20 2 65
F C2 Splenius 944 173 18 76
Biventer 910 20 2 65
Complexus 399 246 62 76
C3 Splenius 262 450 61
Biventer 1108 643 58 70
Complexus 546 196 36 53
C4 Splenius 314 84 27 98
Biventer 1113 130 12 100
G C2 Splenius 970 144 15 57
Biventer 443 40 9 88
Complexus 170 48 28 69
C3 Splenius 617 194 31 67
Biventer 1459 205 14 93
Complexus 615 135 22 86
C4 Splenius 364 60 17 70
Biventer 618 63 10 95
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Table 4. Content of unmyelinated fibres in electron







C2 splenius A 1.5 3.3
C2 splenius B 2.6 2.7
C2 biventer A 2.4 11.2
C2 biventer B 6.1 5.3
C2 complexus B 1.6 4.2
C3 splenius C 1.5
C3 biventer C 3.9
C3 biventer c 1.6
C3 complexus c 1.4
Mean 2.5
supply. Such completely denervated branches
were also found in cat C innervating biventer
cervicis and splenius, but not complexus.
In the three cats subjected to C2-C4
ganglionectomy, most motor fibres emerge
from the C3 segment and fewest from C4
(Tables 2 and 3). An average of 309 nerve
fibres originate from the C2 segment, 708 from
the C3 segment and 144 from the C4 segment.
About -j of the total number of motor fibres in
C2 and C3 branches and 11 % of fibres in the
C4 branch were alpha fibres. It can be seen from
Table 2 that on the average, gamma fibres out¬
number alpha fibres by a ratio of 2:1, but this
ratio approaches 4:1 in some nerve branches,
and in one instance, almost all fibres taking
origin in C4 were gamma fibres.
Figure 5 shows the distribution of sensory
fibres to splenius, biventer cervicis and com¬
plexus in cat G, but is typical of all those ex¬
amined. It can be seen that because most of
the fibres are sensory the histograms are very
similar to those of whole nerves. It has been
noted in some muscle nerves that afferent nerve
spectra exhibit a trimodal distribution cor¬
responding to group I, II and III fibres (Lloyd
and Chang 1948; Stacey 1969). Such clear
trimodality does not appear in neck muscle
fibre spectra. The dominant peak is still at 4-6
/rm, and although there are substantial num¬
bers of large fibres present, they are evenly
distributed, forming a continuum from 7 to 15
fim and then gradually decreased in number
with the largest fibres being 23-25 fim in
diameter.
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Fig. 5. Cat G, cumulative distribution of sensory
fibres to neck muscles from C2 to C4 dorsal roots.
(cat F, C3 splenius, and cat B, C2 splenius;
Table 3) the number of fibres found on the
deafferented side was greather than that on the
nonoperated side. In both these nerve roots, the
fibre count after deafferentation was unusually
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high suggesting some lack of symmetry between
equivalent nerves on the two sides of the animal.
The ratio of unmyelinated to myelinated
fibres was examined in samples taken from a
total of nine normal muscles nerves (Table 4).
These ratios ranged from 1.5:1 to 6.1:1 (mean
2.5:1). A segment of greater auricular nerve
was also examined and showed a ratio of 12:1,
closely resembling that normally found in
cutaneous sensory nerves. Unmyelinated fibres
were also examined in deafferented nerves. In
these nerves it was common to see Schwann
cells with highly irregular outlines suggesting
either the loss of unmyelinated fibres or
Schwann cell fractionation (Fig. 6). Schwann
cells of normal nerves were usually found to
contain from 4 to 20 unmyelinated fibres. After
ganglionectomy Schwann cells usually con¬
tained only one to three unmyelinated fibres
and never more than eight.
Discussion
The present experiments reinforce the fact
that the composition of muscle nerves varies
considerably from one skeletal muscle to an¬
other. In neck muscle nerves, three character¬
istics are outstanding, the very high number of
nerve fibres, the very high proportion of
sensory fibres and the very high proportion of
sensory fibres in the group II and III size range.
The number of nerve fibres innervating each
of the larger hind limb muscles in the cat range
from 400 to 1000 of which approximately 35-
60% are sensory (Boyd and Davey 1966). The
innervation of neck muscles is obviously quite
different from large hindlimb muscles, but re¬
sembles instead the composition of the plantar
nerves which supply the small muscles of the
cat paw. Plantar nerves have a total of from
1700 to 3000 nerve fibres of which from 40 to
90% are sensory (Boyd and Davey 1966).
Most hind limb muscle nerves have a clear
bimodal fibre distribution with one peak be¬
tween 3 and 8 jxm, and a second equal peak be¬
tween 10 and 16/u.m (Eccles and Sherrington
1930; Rexed and Therman 1948; Boyd and
Davey 1966; Stacey 1969). Neck muscle nerves
exhibit one very large peak in the 3-8 fim
(groups II and III) range, and only in a few
branches is this accompanied by an equal peak
in the 10 to 16/xm (group I) range. The
plantar nerves, despite their superficial similar¬
ity to neck muscle nerves, differ in this respect
and have more group I fibres than group II
fibres (Boyd and Davey 1966).
Most of the group II fibres in neck muscle
are sensory and might be expected to come
from the dense accumulation of spindles. Group
II and III fibres are normally considered to
serve spindle secondary endings and free nerve
endings respectively (Stacey 1969). The num¬
bers of primary and secondary spindle endings
in a muscle are approximately the same (Mat¬
thews 1972) and thus the groups I and II fibre
populations should be similar. The great pre¬
ponderance of smaller sensory fibres in neck
muscle could be due to an unusually high num¬
ber of spindle secondary endings or to little
peripheral branching in fibres serving them.
Alternatively, the large number of group II and
III fibres could be related in some way to the
high proportion of conjunctive spindle forms in
muscle (Richmond and Abrahams 1975b).
Other possibilities are that many small afferent
fibres may originate from as yet undiscovered
receptors, or the relationship between an af¬
ferent fibre's size and the receptor that it serves
may not hold in neck muscle afferents.
The gamma fibre content in hind limb muscle
motor fibres is usually less than 55%, and in
soleus and medial gastrocnemius falls below
40% (Eccles and Sherrington 1930; Boyd and
Davey 1966). Neck muscle nerves have a
gamma fibre content in individual nerve
branches from 55 to 93%. This presumably
relates to the high content of spindles in neck
muscles which have spindle indices four to six
times greater than hind leg muscles (Richmond
and Abrahams 1975b).
Splenius and complexus motor nerves con¬
tain alpha fibres up to 24 /xm in diameter but
biventer motor fibres were never found to ex¬
ceed 19 fim and generally were less than 15 jum
in diameter. Histochemical (Abrahams and
Rancier 1973; Richmond and Abrahams
1975a) and functional testing (Abrahams,
Lywood, Milligan, and Richmond, unpublished
observations) indicate that biventer cervicis is
predominantly a slow twitch muscle, while
splenius and complexus are predominantly fast
muscles. Thus neck muscle nerves follow the
general rule that fast motor units are supplied
richmond et al.
Fig. 6. Electron micrographs of Schwann cells in normal and ganglionectomized muscle
nerves. (a) Schwann cell from normal C2 splenius nerve. Note the regular outline and the
presence of large numbers of unmyelinated axons. (b) Schwann cells from ganglionectomized
C3 biventer cervicis nerve. The Schwann cells have proliferated so that the section shows irregular
protoplasmic fragments each containing but a few axons. The arrow indicates a single axon in
an irregular Schwann cell fragment.
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by large fibres and slow motor units by small
fibres (Henneman and Olson 1965).
Motor nerves to the same muscle taking
origin in different cervical segments have been
found to have some characteristic differences
in both their motor and sensory fibre distribu¬
tion. For example, there is a preponderance of
larger motor fibres in the C2 branch to corn-
plexus. These differences assume some division
of functional responsibilities between roots.
What was not anticipated was the presence of
nerve branches which may be purely fusimotor
or purely sensory.
The examination of unmyelinated fibres has
shown that the ratio of unmyelinated to
myelinated fibres is very similar to that found
in hind leg muscle nerve (Stacey 1969). The
role that might be played by unmyelinated nerve
in muscle is uncertain. The fact that they con¬
sistently outnumber myelinated fibres attests to
an important functional role. It would be of in¬
terest to know whether myelinated and un¬
myelinated afferent fibres carry out separate and
unrelated functions, or whether, as in cutaneous
nerve, some act together to influence the ascend¬
ing transmission of proprioceptive impulses at
spinal levels.
In an incidental way these experiments con¬
firm the unusual and widespread nature of
postural and locomotor deficits that follow
damage to neck muscles or their nerves (Cohen
1961; Biemond and DeJongh 1969; Abrahams
1972). There seems little doubt that the infor¬
mation that is derived from the receptors in
neck muscle plays a critical role in the or¬
ganization of posture and locomotion.
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SPINAL AND MEDULLARY PROJECTIONS FROM
NECK MUSCLE AFFERENTS IN THE CAT






Microelectrode recording in the upper cervical cord and lower-
medulla of chloralose anaesthetized cats has been used to trace the
pathways followed by neck muscle afferents, The major ascending
pathway contains group I, II, and III fibres and travels in the lateral
margin of the dorsal column and ascends Into the medulla dorsal and
medial to the spinal nucleus of the trigeminal nerve. Second and
later order units are activated by neck muscle afferents In the spinal
trigeminal nucleus and in the deep layers of the cuneate nucleus.
Complex interactions occur in the trigeminal nucleus between neck
muscle projections and those from facial afferents. In the spinal
cord many neck muscle afferents terminate on lamina IV and lamina V
interneurons In regions served by facial afferents-. Complex inter¬
action occurs between the two sets of afferents at this level. No
evidence could be obtained for the existence of a monosynaptic reflex
in the upper cervical cord.
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Neck muscle afferents; spinal cord; medulla; trigeminal system.
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INTRODUCTION
The dorsal neck muscles that serve to move the head of the cat-
are characterised by an unusually high content of muscle spindles
and Golgi tendon organs (Richmond and Abrahams, 1975b). Section
of neck muscle nerves (Abrahams and Falchetto, 1969), local anaes¬
thesia of upper cervical dorsal roots which serve neck muscles
(Cohen 1961), local anaesthesia of neck muscles (Biemond & DeJongh,
1969; Abrahams 6 Falchetto, 1969) or upper cervical dorsal root
gaglionectomy (Richmond, Anstee, Sherwin and Abrahams, 1975) all
give rise to generalized defects of posture and locomotion. Little
is known of the precise nature of mechanisms that could underly such
widespread postural defects, but it is known that neck muscle
afferents project to cortex (Landgren £ Silvenius, 1968), cerebellum
(Berthoz 6 Llinas, 1974), and superior colliculus (Abrahams & Rose,
1975). It is also known that neck muscle afferents give rise to
powerful spino-spinal effects (Abrahams S Falchetto, 1969; Abrahams,
1970, 1971) and influence neural activity in Deiter's nucleus (Mori £
Mikami, 1973).
The spindles of neck muscles are distinctive, not only because
of their abundance, but also because of their consistent and orderly
pattern within neck muscles and because of the high incidence of
conjunctive spindle forms, In the present work, we have examined the
immediate destination of afferent fibres leaving neck muscles.
Extensive anatomical studies have previously been made of spinal
and medullary degeneration following section of whole dorsal roots
(Ranson, Davenport and Doles, 1932; Corbin and Hinser, 1935; Escolar,
1948, Liu, 1956; Imai and Kusama, 1969; and Kerr, 1972) but the ana¬
tomical method does not differentiate between cutaneous and muscle
afferent projections. An electrophysiological examination has therefore
been made of the projections to the upper cervical cord and lower medulla
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from neck muscle afferents in the cat. The afferents examined take
origin in 3 large dorsal muscles, splenius, complexus and biventer
cervicis that support, elevate and turn the head (Elliott, 1935;.
Fichmond £ Abrahams, 1975a). Convergence between these muscle
afferent and cutaneous afferent pathways has also been examined.
Some of the data has previously been reported in brief (Abrahams
and Rose, 1974; Abrahams, Richmond and Rose, 1975).
METHODS
Experiments were performed on cats weighing between 2.8
and 3.3 Kg, anaesthetized with a single i.v. dose of 60 mg/Kg
chloralose following induction with ethyl chloride and ether.
The animals were then placed either in a conventional stereo¬
taxic head holder (Type "A":, La Precision Cinematographique,
Asniere, France) or one for use in visual experiments (Type "U",
La Precision Cinematographique, Asniere, France), so that the
face was readily accessible. Laminectomy was performed to expose
the lower medulla and upper cervical spinal segments. For more
extensive medullary explorations, the posterior fossa was opened
and the cerebellum removed by sub-pial aspiration, but in later
experiments the cerebellum was left intact. The C2 or C3 branches
to the neck muscles, biventer cervicis and complexus run together
and the joint nerves were placed on small paired platinum
stimulating electrodes and secured in place with low melting
point (39°) paraffin wax. When C2 nerves were employed,
great care was taken to separate the greater auricular nerve
(which travels with biventer cervicis nerve) so that it was not
stimulated. In a number of experiments, splenius nerve was also
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prepared for stimulation.Accurate placement of stimulating
electrodes was checked by monitoring the threshold stimulus
strength necessary to elicit muscle contraction. With the
stimulator used (Devices type 2533) this normally ranged from
0.05 to 0.2 V.
In some experiments, the presence of a monosynaptic reflex
was investigated. In the earliest experiments this was done by
recording from whole muscle nerves while stimulating the central
cut end of dorsal roots. In later experiments biventer cervicis,
splenius and complexus motoneurones were identified by antidromic
excitation and then tested for their responsiveness to ortho¬
dromic stimuli. In these experiments, the upper cervical
dorsal roots were cut close to their point of emergence from the
dura. Upper cervical rootlets are short and each segmental
input is distributed over 1 cm or more of cord. To stimulate
the rootlets, long (about 15mm) paired platinum stimulating
electrodes separated by 1 mm were laid close to and parallel
to the dorsal columns and all the rootlets from the segment
placed across the electrodes.
Cutaneous receptive fields were mapped by light touch with
a fine camel hair brush. When necessary, timed discrete cutaneous
stimuli could be produced by the movement of a fine bristle or
fine tungsten wire mounted on a Vibrator (Ling-Altec, Model 203
or Bruel and Kjaer, Type 4810). Pulses formed by a function
generator and triggered by a Digital Programmer (Devices No. 4030)
controlled the timing and excursion of the stimulus. Gentle
movement of limb joints was also examined for evidence of limb
proprioreceptive projection.
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To minimize tissue movement during unit recording, a bilateral
pneumothorax was performed, and the animal was artificially
ventilated following paralysis with gallamine triethiodide
(Flaxedil, Poulenc). The stereotaxic machine was raised from
the table so that the animal's body was partially suspended.
Body temperature was maintained at or close to 38°C by a heated
blanket controlled by a rectal thermistor. All exposed
nervous and muscle tissue was protected by a coating of low
melting point paraffin wax.
The recording and display equipment used was conventional
and incorporated spike filtering and raster generating circuits.
Commercially available tungsten microelectrodes (Haer, Type
25-10-3) were used for recording. The criteria for a primary
afferent unit potential was -n all or none (usually monophasic)
response of short latency which reliably followed stimuli
delivered at 300-500/sec. Similar potentials with short latencies
and the ability to follow very high frequencies, but which
increased their amplitude with increasing stimulus strengths
were regarded as field potentials. Units with short latencies
which followed stimuli up to about 10/sec were classified as
2nd order units. Stimulation voltages are expressed as a multiple
of threshold (T) which was the voltage necessary to produce a
just detectable compound action potential at the point of dorsal
root entry, or the shortest latency component of a primary
afferent field potential. At the termination of each micro-
electrode penetration, a current of approximately 50 micro amps
was passed through the recording microelectrode for 1 to *1- seconds
to produce a lesion (microalectrode cathode). At the termination
of the experiment, the brain was perfused in situ with 25% formalin
in saline through one carotid artery. The spinal cord was sometimes
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fixed by whole body perfusion with formalin or more commonly,
removed unfixed and fixed by immersion in 25% formalin in saline.
The brain or spinal cord was then serially sectioned at 30 p
on a freezing microtome, and sections were stained with Luxol
Fast Blue and Cresyl Violet (Kluver and Barrera, 1953). All sections
were retained and examined so that the point of maximal electrode
penetration could be determined, and the electrode track then
reconstructed.
In later experiments, the electrode was advanced only a few
hundred microns beyond the recording site before marking (in order
to localise recording sites with the maximum certainty).
RESULTS
Primary afferent projections - upper cervical cord
The potentials associated with conduction by primary afferents
in the spinal segments CI to C3 were examined in 9 experiments. In
all experiments, field potentials were observed in the dorsal
columns from an ipsilateral region close to the dorsal root entry
zone. The initial low threshold waveform had a latency of O.H msec,
but as the stimulus strength was increased, later waves appeared
with latencies of up to 9-.5 msec (Figure la). The amplitude of
the field potential increased as the electrode was advanced,
reaching a peak in the lateral regions of the dorsal columns close
to the junction with the grey matter of the dorsal horn. It was
then common to record short latency all or none unit potentials
(Figure 9 b). Occasional all-or-none spikes with latencies of
about 0.9 msec were also recorded as the electrode was advanced
into the dorsal horn.
In lamina IV of the dorsal horn, the most common response
to muscle afferent nerve stimulation was a burst of activity
with a latency of from 1.5 to 6.0 msec exhibiting the character¬
istics of second order units. Unit discharge with latencies in
excess of 6 msec was present in lamina IV and as the electrode
entered lamina V this long latency response became the dominant
response. The distribution of primary afferent fibres and second
order units within the spinal cord is shown in Figure 2.
Primary afferent projections, Medulla
The medullary course of primary afferents was examined in
24 experiments. In 7 of these experiments, explorations were
confined to planes 2 - 8 mm anterior to the obex, mostly in
the region of the external cuneate nucleus. In all,experiments
except one, biventer cervicis/complexus nerves only were stimulated.
Primary afferents were only rarely encountered in these anterior
penetrations, and then were found in a narrow band just dorsal
to the spinal nucleus of V. In the remaining 17 experiments
in which penetrations were made at levels close to or posterior
to the obex, primary afferent field and unit potentials with
minimum latencies from 0.6 to 0.8 msec were consistently found
to follow stimulation of ipsilateral muscle afferent nerves.
Both unit and field potentials were encountered in a narrow
fibre-rich band ventral to the external cuneate nucleus and
dorsal to the nucleus of the spinal tract of V (Figure 3).
Physiologically this region was found to be deep to that from
which forepaw joint movement readily elicited unit discharge
and above that from which facial stimuli readily elicited unit
discharge. Similar responses could also be recorded from a band
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which extended ventromedially along the lateral margin of the
cuneate nucleus where the cuneate and trigeminal nuclei abut.
Primary afferent potentials were also consistently found along
the ventral border of the spinal nucleus of V. Unlike the other
primary afferent projections at medullary levels the primary
afferent input here was bilateral.
Increasing the strength of stimulation of neck muscle
nerves invariably led to the appearance of additional primary
afferent waves with latencies of up to 6 msec at all medullary
sites. The calculated conduction velocities to the medulla from
neck muscle ranged from 12 to 120 msec (Figure 3).
In 5 of the experiments in which the medulla was exploreds
the splenius nerve was stimulated as well as the complexus/
biventer cervicis nerve. Evidence was obtained in these experiments
that some separation occurs between afferent systems from the
different muscles. Primary afferent potentials in and close to
the spinal nucleus of 5, were recorded following stimulation of
either nerve. The splenius nerve projection appears confined
to this region and primary afferent potentials could only be
recorded from the vicinity of the cuneate nucleus following
biventer cervicis/complexus stimulation.
Second order units with latencies of 1.5 to 4.0 m/sec were
common in the dorsal border of the spinal nucleus of V. Units
in this region could be activated by Group I afferents, but
their frequency and rate of discharge increased as the stimulus
strength was increased to about 10T suggesting that Group II
afferents activated the same units. Second order units activated
by Group I and II inputs were also found In the deep layers of
the cuneate nucleus. Careful examination of brain regions in
the interstitial nucleus of Cajal and the external cuneate nucleus
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failed to show the presence of neck muscle primary afferents or
second order units in either of these nuclei.
Long latency responses in spinal cord and medulla
following neck muscle afferent stimulation
It was common when recording in both medulla and upper
cervical cord to find units responding to neck muscle afferent
stimuli at latencies from 15-60 msec. In general such units
responded to a single stimulus with a train of potentials lasting
20 msec or more, but were often best activated by stimulus
trains of at least 3-5 impulses at 100/sec. While such long
latency units could be excited at threshold stimulus levels,
they responded most consistently when the stimulus was at least
3T and usually increased their response as the stimulus was
increased to 10T. Such unit discharge would not follow
stimulation that was too rapidly presented, but became more
consistent when stimuli were presented at intervals of 4 seconds
or longer.
In the spinal cord, second order units in lamina IV were
t
exclusively innervated from ipsilateral muscle nerves, but long
latency units in lamina V to VII and in the medulla were often
bilaterally innervated and also received input from muscle nerves
entering the cord in segments distant to the recording site.
Commonly a unit received ipsilateral exictation from one muscle
and contralateral excitation from another muscle. Long latency
units were not confined to the spinal grey matter, but were also
present in the ventral funiculus in the regions occupied by the
tectospinal and vestibulospinal tracts (Figure ka).
In the medulla, long latency units responding to trains of
neck muscle stimuli were particularly common within the spinal
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nucleus of V, in the ventromedial core (which corresponds to
the subnucleus magnocellurlaris). In the cuneate nucleus,
long latency units were also largely restricted to deep layers.
Long latency units were also found in a number of other medullary
structures including the lateral reticular nucleus and medial
reticular areas within the lateral tegmental field (Figure 3).
Convergence of neck muscle primary afferents in
the spinal nucleus of V and the cuneate nucleus
The dorsal horn of the upper cervical segments in which
many muscle activated units were found is known to receive
trigeminal afferents (Kerr, 1961; Kerr and Olafson, 1961;
Gordon, Landgren and Seed, 1961; Wall and Taub, 1962; Kerr,
1963; Kerr, 1972; Mosso and Kruger, 1973) and indeed merges
into the spinal nuclear complex of V (Olzewski, 1950). Previous
experiments (Kerr and Olafson, 1961) suggest that there is little
convergence between trigeminal and segmental inputs at these
spinal levels. In 7 experiments the distribution of both facial
and neck muscle afferents in these regions was carefully exam¬
ined.
Medial to the dorsal root entry zone in CI and C2, neck
muscle primary afferent potentials were recorded as soon 'as the
microelectrode reached the spinal cord. A few hundred microns
beyond this region very small amplitude unit potentials were
found responding to light touch of the face, but not to neck
muscle afferent stimulation. When the electrode was advanced
a further few hundred microns, unit potentials of greatly increased
amplitude were encountered which responded to both facial and neck
muscle afferent stimulation. Further into the cord, facial stim¬
ulation ceased to be effective and only neck muscle afferent
stimulation elicited unit discharge. In lateral penetrations
through the dorsal root entry zone, not only were primary
- 12 -
muscle afferent potentials recorded superficially, but second-
order unit and wave potentials could be recorded from the same
sites. In these more lateral penetrations, facial stimuli did
not elicit unit activity until the electrode was advanced a
further few hundred microns.
In dorsal horn regions where both facial and neck muscle
afferent stimuli elicit unit activity, it is not easy to
establish whether the same units are responsive to both stimuli.
Very light touch to the face and threshold muscle nerve stimulation
both normally elicit bursts of multi-unit discharge and only
occasionally have well isolated units been observed. The few
single units that could be isolated were activated by both stimuli
(Figure 5a).. That some form of convergence is present can
readily be demonstrated in multi-unit preparations, as activity
initiated by one stimulus modality may be influenced by prior
stimulation of the other modality (Figure 6). Considerable and
complex interactive convergence occurs between neck muscle and
trigeminal afferents in upper cervical segments.
Overlap and convergence also occurs at medullary levels.
Units activated by trigeminal and neck muscle afferent stimulation
were found in the subnucleus gelatinosa of the spinal nucleus of
V. Many of the units were of low amplitude and only just
discernible above noise, but even the most trivial facial
stimuli induced by a small (100-300ji) displacement of facial
hair or of a single vibrissa, activated many units. Small
amplitude units In these same regions could also be activated
by neck muscle afferent stimulation. The impression was gained
in these experiments that recordings were obtained from micro-
bundles or cell groups which were homogeneous in their afferent
input- At any recording site in the subnucleus gelatinosa, it
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was commonly found that unit activity in response to one
stimulus modality was usually of greater amplitude than unit
activity from the other modality.
In the subnucleus magnocellularis of the spinal nucleus of
V, the amplitude of muscle and trigeminal unit discharge was
considerably higher than in subnucleus gelatinosa, but the
intensity of discharge still made it difficult to isolate single
units. However, interactions were observed in multi-unit prepara¬
tions between cutaneous and muscle afferent stimulation which
leave no doubt that convergence occurs between trigeminal and
muscle afferent pathways in this region too (Figure 6). On
the rare occasions when well isolated units were obtained in the
trigeminal nuclei, no difficulty was found in establishing that
both trigeminal and neck muscle afferent stimuli could activate
the same unit. Such units had latencies exceeding 15 msec. As
the electrode was advanced ventrally beyond the border of the
spinal nucleus of V, facially activated units were lost, but
neck muscle afferent stimulation frequently elicited long latency
unit discharge.
Unfortunately, no systematic attempt was made to examine
convergence on cuneate units activated by neck muscle afferents,
but in one instance it was noted that a unit bilaterally activated
by biventer cervicis stimulation also had a large cutaneous
receptive field on the ipsilateral shoulder (Figure 5b).
Afferent connections to motoneurons in upper cervical cord
One well known segmental connection from Group la afferents is
that which gives rise to the monosynaptic reflex (Eccles, Eccles
and Lundberg, 1957; Lloyd, 1943). No evidence could be found in
- 14 -
the present experiment for the existence of any appreciable
monosynaptic reflix in upper cervical segments.
In 6 experiments the central cut ends of the dorsal roots
of C2 and C3 were stimulated and attempts were made to record
reflexes eletrically from electrodes placed on biventer cervicis
and splenius muscle nerves. While reflex activity could be
consistently recorded to strong stimulation after latencies of
16-20 msec, no activity was recorded at latencies appropriate to
a monosynaptic reflex. To examine this question further, 96
motoneurons or axons (34 from splenius and 62 from either biventer
cervicis or complexus) were identified by antidromic excitation
in C2 and C3 segments. Attempts were then made to orthodromically
drive these units by single or paired stimuli to the dorsal roots.
Of the 96 units examined, only 26 could be regularly activated
by orthodromic stimuli and then at latencies usually exceeding
9 msec (Figure 7). Only one unit was activated at a latency
sufficiently short to be regarded as monosynaptic. The lack of
orthodromic responsiveness even at relatively long latencies could
not be attributed to an inadequate stimulus strength, for the
same stimulus was sufficient to secure the discharge of many inter—
neurons in both dorsal and ventral horns,
In the lumbosacral cord, 100% of a motoneuron pool can be
orthodromically monosynaptically activated at the peak of post-
tetanic hyperpolarisation (Jefferson and Benson, 1953; Clamann,
Gillies, Skinner and Henneman, 1974). Twenty-one antidromically
identified motoneurons were tested for their orthodromic responsive¬
ness at 2 sec intervals after 15 seconds of dorsal root stimulation
at 300 sec. In no instance could any of these cells be activated
in the post-tetanic period at monosynaptic latencies. Recordings
made following stimulation of dorsal roots from adjacent segments
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also failed to demonstrate the presence of monosynaptic reflexes.
The description of the histology of the upper cervical cord
suggest that ventral horn motoneurons in this region are in two
columns, the nucleus ventromedialis and the nucleus spinalis
accessorii, (Rexed, 1954). It has also been suggested that cells
of the medial cervical nucleus may also be motoneurons, possibly
of the spinal accessory nerve (Rexed, 1954). Figure 8 shows two
composite diagrams of the cervical spinal cord on which have
been plotted the points at which a maximal antidromic unit potentials
could be recorded. The points in white matter are presumable from
axons and those in gray matter are from both axons and cell bodies.
In both C2 and C3 segments, splenius and biventer cervicis/
complexus potentials were found to be widely distributed in the
gray matter of cord in laminae VI to IX. The spread of potentials
in C2 was considerable and some of the potentials were found In
laminae VI and VII, some were distributed along the lateral
border of the grey matter, while others were scattered close
to and below the medial cervical nucleus (Figure 8). In C3
most potentials were close to the anatomically defined motor
nuclei (Figure 8). There appears to be some anatomical separation
of potentials recorded from different muscles. Antidromic
potentials following splenius stimulation usually occupied a more sup¬
erficial position than those from biventer cervicis/complexus
stimulation. No splenius unit potentials were found in nucleus
ventromedialis in the ventral horn of the second cervical seg¬
ment, although beventer cervicis/complexus potentials were
found in this region. However, it was common while recording
in the deep parts of Lamina VIII to find antidromic potentials
which were not all-or-none, but which were-graded and increased
in amplitude as the stimulus strength to both
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splenius and biventer cervicis/complexus was increased. These
potentials may have been due to groups of closely approximated
motoneurones, but because they did not meet the all-or-none
criteria for a single unit, they were not included in the experi¬
mental sample.
In the course of recording in the spinal grey matter following
muscle nerve stimulation, trains of unit discharges were occasion¬
ally observed (Figure 9). The records are essentially the same
as those reported by Renshaw (1946) and are presumed to be due
to activation of Renshaw cells via recurrent collaterals. A
further population of cells were also seen which could be
antidromically activated, but which had latencies of 4 in/sec
or more indicating conduction velocities in the range of 10 -
20 m/sec. These units were assumed to be small fusimator neurones.
DISCUSSION
Correlation of Anatomical and Physiological Experiments
Older anatomical experiments (Ranson, Davenport and Doles,
1932; Corbin and Hinsey, 1935; Escolar, 1948) utilizing the
Marchi technique firmly established the major characteristics of
ascending projections from the upper cervical cord in the cat.
Degeneration was found in the cord in the lateral parts of the
cuneate fasciculus, in the dorsal horns, in the intermediate
nucleus of Cajal and a few degenerating fibres were traced into
the ventral horn. Fibres were also found which projected to the
medulla and degeneration was present in the cuneate nucleus, and
dorsomedial to the spinal tract of V, occupying the triangle
between the substantia gelatinosa and the cuneate nucleus.
Degeneration was also found in the intermediate nucleus of Cajal,
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in the medial part of the restiform body and in the descending
vestibular nucleus. Later studies in the cat utilizing the
Nauta-Gygax and Fink-PIeimer technique (Liu, 1956; Kerr, 1961;
Imai and Kusama, 1969; Kerr, 1972) substantiated the previous
accounts and also reported the presence of degeneration in the
boundary between the spinal tract and spinal nucleus of V and
in a small region ventral to the spinal nucleus of V (the convergent
area "C" of Kerr, 1972). Although it has been reported (cf Kerr,
1972), that degeneration occurs in the external cuneate nucleus,
this is not substantiated (at least is lower medullary regions)
by the available maps which show degeneration not in the nucleus
itself but in the fibre-rich zone ventral to it (Imai and Kusama,
1969; Kerr, 1972). However, in the rat, electrophysiological
evidence has been found for a projection from neck muscles to
more anterior regions of the external cuneate nucleus (Campbell,
Parker S Welker, 1974). In the experiments reported here, only
lower medullary explorations were carried out, but within these
limits it is apparent that the anatomically described projections
from upper cervical segments to cord and medulla all carry afferents
from neck muscle, with the exception of that to the intermediate
nucleus of Cajal. Presumably that projection is exclusively
cutaneous.
The termination of primary afferents within spinal segments
as observed electro-physiologically bears out the known anatomy,
with most fibres terminating in laminae IV and V, and few pene¬
trating the ventral horn (Ranson et al, 1932; Corbin and Hinsey,
1936; Szentagothai, 1948; Escolar, 1948; Kerr, 1961). Indeed,
the failure to demonstrate a monosynaptic reflex might have
been predicted from the observations of Szentagothai (1948)
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who showed on the basis of bouton degeneration following
rhizotomy, that few primary afferent fibres terminate on moto-
neurones in the upper cervical cord. Presumably those that do
are sufficient to generate synaptic potentials (Wilson and
Maeda, 1974), but insufficient to initiate action potentials.
It is paradoxical that neck muscles, which contain the
largest accumulation of spindles anywhere in the body (Richmond
and Abrahams, 1975a) should not have a monosynaptic reflex.
Physiology of spinal and medullary projections
from neck muscle afferents
The operation of the monosynaptic reflex plays an important
role in most theories of feedback control of muscle (cf Houk, 1974),
but clearly the importance of this particular role will vary from
muscle to muscle, and even with respect to the particular task
being performed by that muscle, Melvill Jones and Watt (1971)
have demonstrated that in the muscular control of landing from a
fall a "functional stretch reflex" is elicited at a latency con¬
siderably in excess of that expected from a monosynaptic reflex.
A similar situation has been reported for the human biceps (Hammond,
Merton and Sutton, 1956).
The muscles of the neck, in common with the muscles of the
eye (McCouch and Adler, 1932; Sasaki, 1963; Keller and Robinson,
1971; Bach-y-Rita, 1972) clearly do not possess a conventional
excitatory monosynaptic reflex and such reflexes as are set up
by neck muscle afferents will be of some greater complexity.
Pathways from neck muscle project to the cerebral complex and
participate in reflex interactions from neck muscle afferents
(L'andgren S Silfvenius, 1968; Abrahams, 1970, 1972). Long loop
pathways have also been demonstrated from neck muscles with the
superior colliculus as an important relay station (Abrahams and
Rose, 1975).
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Undoubtedly some reflexes of neck muscles are likely to be sub¬
cortical for Sherrington (1898) noted in the decerebrate cat
that "on excitation of the central end of the 2nd cervical nerve,
or of a branch, even a small twig of that nerve, the high-held
retracted head drops almost as if knocked down by a blow from
above. The muscles causing the retraction can be seen and felt
to relax at once under the excitation; the completeness and
suddeness of the relaxation is surprising."
The projection of neck muscle afferents to the deep layers
of the cuneate nucleus and their convergence at this level with
cutaneous afferents from the shoulder reinforces the previous
evidence (Rosen, 1967, 1969 a 6b; Rosen and Sjolund, 1973) that
the cuneate nucleus is not purely a cutaneous relay centre, but is
also an important region of relay for Gp I and II muscle afferents.
The neck projection to the cuneate nucleus is confined to re¬
ceptors from the slow muscle, biventer cervicis and this raises some
interesting functional questions. The slow and fast muscles of the
neck are not simply synergistic and the faster muscles splenius and
complexus probably play and major role in turning movements while the
slow muscle biventer cervicis is probably primarily responsible for
head elevation (Elliot, 1935; Richmond and Abrahams, 1975a). The
separation of afferent pathways at medullary levels may have some
relation to the particular functional tasks subserved by individ¬
ual neck muscles.
Neck Muscle afferents and the spinal trigeminal complex
The close association between the trigeminal and neck muscle
afferent systems could have been predicted from the known anatomy
of cervical projections (Ranson et al, 1932; Corbin and Hinsey,
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1936; Escolar, 194-8; Liu, 1956; Kerr, 1961; Imai and Kusama,
1969; Kerr, 1972) and also from such electrophysiological
examination as had been previously undertaken (Kerr and Olafson,
1961). Kerr and Olafson (1961) confined their examination to
CI and C2 and reported- that "What proportion of neurons in this
region (sic, CI and C2 dorsal horns) receives afferents from
both systems it is impossible to state, but it can be said that
they constitute a small percentage'.'. While simple convergence
may be difficult to demonstrate in the upper cervical cord,
interactions between neck muscle and facial afferents clearly
indicate that the two afferent systems have a strong functional
connection at this level.
In some respects, the organization of the lower CI, C2 and
C3 segments resembles that of the lumbosacral cord. In both
regions of the cord cutaneous projections are prominent in the
more dorsal laminae and proprioceptive projections in the more
ventral laminae (Wall, 1967), The major difference is that cut¬
aneous fields in the upper cervical cord are segmentally dis¬
placed and must enter the cord by way of a cranial nerve," Wall
and Taub (1962) pointed out that the trigeminal system must
develop rapid pathways to the neck musculature not only for
aversive reflexes of the head, but also for reflexes such as
orientation and suckling orientation. Such connections must
ultimately impinge on neck motoneurones. The medullary pro¬
jections may be concerned with ascending connections but the
possibility cannot be ruled out that they play a substantial
reflex role. It should be noted that the neck muscle afferent
projection to Kerr's (1972) area "C" is to a region, which, In
the monkey appears activated by noxious stimuli to the face
Nord and Ross, 1973).
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There can be no doubt that the trigeminal system plays a
major role in the motor control of neck muscles, a fact perhaps
first experimentally verified by Sherrington (1898) who reported
" after removal of the cerebral hemispheres when it is
easy to apply electrodes to the division of the trigeminus on
the floor of the middle fossa of the cranium, a touch with the
electrodes is enough to cause the relaxation of the rigid neck
muscles excitation of even small twigs of distribution
of the 5th effects the same The association of the
spinal tract of V with pain perception is also a long established
fact. The present experiments reinforce the association of
the trigeminal system with a muscle afferent system whose primary
function must be in the task of head motor control. The
immediate reaction to pain is movement and the association of
the spinal nucleus of V with head motor control is entirely
appropriate to a system concerned both with pain perception and
the immediate motor response to abate or remove the source of
that pain.
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A. Group I and II primary afferent waves recorded
from dorsal column of C2 following biventer
cervicis nerve stimulation at 3T (100 super¬
imposed at 300/sec).
B. Primary afferent unit potential recorded from
ventro-lateral margin of C2 dorsal columns






Figure 2. Maps of the location of primary afferents and
second order units in the C2 and C3 segments.
Left, primary afferents; right, second order
units.
 
Figure 3. Distribution of primary afferent potentials
and second order units in the lower medulla.
Left, primary afferent potential at T (top)j
3T (bottom). Time marker, 1 msec. Right,
maps of medulla showing distribution of
regions from which primary afferent potentials were
recorded (vertical shading) and from which
second order units were recorded (horizontal
shading). Dots indicate locations of recording
sites from which second order units were
recorded in single instances.
 
Recording sites of long latency responses in C2
and C3 segments following stimulation of neck
muscle nerves. Left, unit responses with
latencies between 6 and 15 msec. Right, unit
responses with latencies exceeding 15 msec.
 
Figure 5. Convergence of cutaneous and muscle afferents on single
units in the spinal cord and medulla. A. Unit recorded
in C2 dorsal horn responding to train of stimuli to
muscle nerve (top), and light touch to the face (bottom).
B. Unit recorded in deep layers of cuneate responding
to single pulse to biventer cervicis (top) and light










Figure 6. Raster diagrams to show interactions between unit
responses to neck muscle afferent (M) and light
facial stimuli in medulla (top) and upper cervical
cord (bottom). The top illustration shows the
inhibition of a unit response elicited by a train
of 3 stimuli to the neck muscle nerve (M)'by prior
stimulation of the face (T £ M). The response to
facial stimulation alone is also shown (T). In the
bottom illustration, prolonged inhibition of the
response to neck muscle afferent stimulation (M)
is produced by prior stimulation of the face (T £ M).
10 msec








Figure 7, Top: Antidromic potential recorded in ventral horn
following biventer cervicis nerve stimulation.
Bottom: same unit discharges to stimulation of





Figure 8, Diagram to indicate recording sites of antidromic
action potentials assigned to motoneurons and their
axons in C2 and C3 segments. Left* responses to
biventer cervicis/complexus stimulation; right,
responses to splenius stimulation.
 
Figure 9. Response recorded in ventral root following
stimulation of muscle nerve. Dorsal roots cut
S, stimulus artefact. Large potential im¬
mediately following artefact is motoneuron
antidromic potential. Note train of
potentials following antidromic potential.
 













The head movement system has a number of Intrinsic specializations
which separates it from other motor systems. The muscles that serve
to move the head and the receptors of these muscles have distinctive
characteristics. The upper cervical cord differs in essential aspects
of its organization from the more familiar lumbosacral cord, and one
specialized supraspinal structure, the superior colliculus plays a
major role in the organization of head movement. This review will
touch upon all these areas. _ . .
In primates, the position of the foramen magnum at the base
of the skull means that many head movements are executed with little
influence on the centre of gravity and therefore without the need
for compensatory adjustments in other muscle systems. In quadrupeds,
the head cannot be moved without some compensating postural adjustment.
But in both primate and quadruped, head movements are executed about
:an extensible and retractable "universal joint" so that there is
the possibility of horizontal and vertical rotation, flexion or
extension (either alone or in combination). . .■11;"
Sensory Apparatus of Neck Muscles \
Early considerations of head motor physiology dealt little with
;
• • ' -
head movement per se, but mainly with the sensory role of the neck
receptors. Experiments dating back to the 19th century showed that
interference with neck muscles may produce deficits which are difficult
-2-
to attribute solely to interference with the motor functions
of these muscles. Longet (1845) surgically damaged the neck
muscles of a horse, dog, cat, rabbit and copybara and claimed
that in all these species, damage to neck muscles produced an
ataxia which closely resembled that which follows hemi-cerebellectomy.
A similar deficit was reported by Claude Bernard (1865) to have
been found by Magendie in experiments on rabbits. There are
continuing reports of a disorder in man in which disturbance of
gait, dizziness or disorders of the oculomotor system occompany
damage to neck structures. The syndrome,sometimes called cervical
ataxia or cervical nystagmus, has been attributed to damage to
neck muscles (Weeks and Travail, 1955; Cope and Ryan, 1959; Jongkees,
1969), to disordered cervical sympathetic activity (Kinoki and
Niki, 1975), or to altered cervical vascularity (Sandstrom, 1962).
Of course, dizziness of great severity is a common accompaniment
of "whiplash" injury (Finneson, 1969).
Gross ataxia may be produced in experimental animals by damage
to the sensory apparatus of the neck. In 1961, Cohen showed that
injection of the upper three cervical dorsal roots of monkeys with
local anaesthetic led to gait being so disordered "that the animals
walked as though drunk": In experiments in this laboratory, it was
found that in the cat an ataxia followed local anaesthetic injection
of the muscle mass of the neck or section of dorsal neck muscle nerves
(Abrahams find Falchetto, 1969). The sensory origin of the ataxia
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was shown by removing the C2 to Ch dorsal root ganglia. This
causes postural and locomotor deficits as great as those that follow
unilateral labyrinthectomy (Richmond, Anstee, Sherwin and Abrahams,
1976). For 7 to 21 days following operation, the animals, although
free of nystagmus, have difficulty in standing and in walking, and
particularly in attempting to turn.
The neck as a receptor has long been an important concept in
physiology. The early work of Magnus and his colleagues^(1926),
showed that the decerebrate cat has tonic neck reflexes, which are
not labyrinthine in origin but which are due to the activation of
neck receptors. There was little systematic analysis of the receptors
for tonic neck reflexes until the experiments of McCouch et. al.,
(1951). These workers showed that tonic neck reflexes of the
decerebrate labyrinthectomized cat were not abolished when the
muscle mass of the neck was sectioned but the reflexes were lost
after section of a small nerve which entered the dorsal roots close
to the vertebrae and which appeared to serve joint receptors..
McCcuch et. al., (1951) therefore suggested that the receptors
responsible for tonic neck reflexes were in intravertebral structures.
Examination of decalcified necks of cats has failed to show a specific
class of intravertebral- receptor in the upper cervical cord but
has shown that the small intravertebral and perivertebral muscles
contain an abundance of small spindles (Richmond, unpublished observation).
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These small muscles may be served by the same nerve that McCouch
et. al. , (1951) sectioned and it is possible that these small
spindles may be the receptors underlying tonic neck reflexes.
Spindles and Golgi tendon organs are abundant in the large
dorsal neck muscles. A profusion of spindles in neck muscles
has been described by Voss (1958) and Cooper and Daniel (1953),
in human material, by Thompson (1970) in the rat, and by Richmond \
and Abrahams (1975b), in the cat. In cat skeletal muscle, the
number of spindles per gm (spindle index) ranges from 5 to more
than 120 (Matthews, 1972). Muscles which had been found to have
a high spindle index were small in size, so that the total number
of spindles per muscle was few. The neck muscles of the cat
depart from this generalization, for not only are they spindle
dense (47-107 spindles/g) but the muscles are relatively large
(Richmond and Abrahams, 1975a), so that the total number of spindles
per muscle is very great, often exceeding 200/muscle (Table 1).
Richmond and Abrahams (1975b), cut serial sections of 4 major dorsal
muscles of the neck so that a complete reconstruction could be made
of the spindle organization within each of the muscles. Spindles
were found to follow a relatively fixed distribution in any given
muscle (Richmond and Abrahams, 1975b) and tended to be in association
with these muscle fibres which have the histochemical characteristics
of slow twitch muscle (Richmond and Abrahams, 1975a). This is particularly
noticeable in splenius, which is arranged so that a sleeve of predominantly
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fast fibres encircles a core of predominantly slow fibres. It
is in this core that splenius spindles are to be found (Richmond
and Abrahams, 1975b). It is likely that each spindle in a muscle
carries unique information and that the nature of this information
depends on the position of the spindle within the muscle (Meyer-
Lohman, Riebold and Robrecht, 1975; Richmond and Abrahams, 1975a)
and on the arrangements of motor units within the muscle (Binder,
Kroin, Moore, Stauffer and Stuart, 1976). The high spindle density
in neck muscles suggests that the spindle system can supply
particularly "fine grain" information about the muscles.
Physiology of Dorsal Neck Muscles
Careful examination of neck muscles has shown a considerable
internal complexity of fibre organization (Richmond and Abrahams,
1975a). The three large dorsal neck muscles, splenius, biventer
cervicis and complexus, resemble rectus abdominus in that they
are crossed by tendinous inscriptions (or as they are sometimes
called, tendinous intersections). These inscriptions are connective
tissue bands which incompletely intersect the muscles (Fig. 2).
Tendinous inscriptions have excited virtually no curiosity among
muscle physiologists and their occurrence in rectus abdominus has
been dismissed as a remnant which reflects the segmental origin of
the muscle (Johnston and Whillis, 1954). Tendinous Inscriptions are
an important functional element in the physiology of neck muscle and
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probably also in other muscles in which they are present. Dissection
of single muscle fibres after partial digestion of neck muscles
has revealed that neck muscles are complexes of short and long fibres.
Many of the short fibres extend only from one tendinous intersection
to the next. Long fibres adhere to the tendinous inscriptions where
they perforate it (Richmond and Abrahams, 1975a). Although tendinous
inscriptions serve as insertion points for short fibres, they are *
not the only insertion point and large numbers of muscle fibres terminate
by tapering and fusing with neighbouring fibres. The tendinous
inscriptions not only form an attachment for muscle fibres, are
also the location of many Golgi tendon organs and many of the spindles
of neck muscle lie close to or perforate the inscriptions (Richmond
and Abrahams, 1975b).
Each region of the muscle between inscriptions is innervated
by a separate nerve which takes its origin in a different cervical
root. It is not uncommon for a limb muscle to be innervated from
a number of spinal roots, but usually there is fusion of the various
branches in a plexius to form a common motor nerve. The innervation
of neck muscles is also unusual in its fibre content. On the average
as many as 76% of the myelinated fibres are sensory and in individual
nerves this proportion can rise as high as 95% (Richmond, et. al.,
1976). Relatively few Group I fibres exist and this is probably
related to the fact that neck muscle spindles are in general supplied
by smaller and slower" fibres than hind leg spindles (Richmond and
Abrahams, 1976c). The motor innervation of neck muscles includes a
preponderance number of gamma fibres, ranging from 55 to 93% (Richmond
et. al., 1976).
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Even on superficial examination some obvious differences can
be seen between the individual large dorsal neck muscles of the
cat. Biventer cervicis has a narrow medially placed insertion on to
the lamboidal crest which gives the minimum of leverage for head
turning and the muscle probably functions as an elevator of the head.
Splenius has a very broad insertion on the laboidal crest, so that
it both supports and turns the head. Functional testing of these
\
two muscles (Richmond and Abrahams, 1976a) confirmed the earlier
histochemical observations (Abrahams and Rancier, 1973; Richmond
and Abrahams, 1975a) that splenius is predominantly a fast muscle
and biventer cervicis predominantly a slow twitch muscle. Complexus
is dominated histochemically by neither fast nor slow fibres,
(Richmond and Abrahams, 1975a). In functional testing, the fast
fibres component of complexus dominates and its twitch and tetanus •
fusion frequency times are characteristic of a fast twitch muscle
(Richmond and Abrahams, 1976a).
Splenius, complexus and biventer cervicis differ substantially
in their passive extensibility (Richmond and Abrahams, 1975a);
biventer cervicis is very extensible, splenius is relatively inextensible
and complexus is intermediate in its properties. Active length-
tension curves resulting from stimulation of the different nerves
to the same muscle show different optimum lengths for the different
sections of the muscle. Thus over a wide range of initial lengths
when all the motor nerves are stimulated the overall length-tension
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curve is flattened. A consequence of this is the likelihood
that similar mechanical forces can be exerted on the head by these
muscles regardless of initial head position. Thus the head can
be moved with equal facility regardless of its initial position.
The utilization of muscles of such complexity requires that the
nervous system have available to it a great deal of information about
the different parts of the muscles. Perhaps here lies part of the '
answer to the dense array receptors in those muscles.
Spinal and Medullary Projections of Neck Muscle Afferents
Very powerful descending spinospinal interactions take origin
in afferents from neck muscle nerves (Abrahams and Falchetto, 1969;
Abrahams, 1970, 1971). Such descending interactions were not-
demonstrable in the spinal or decerebrate animal and were thought
to involve supraspinal structures, possibly including cortex (Abrahams
and Falchetto, 1969; Abrahams, 1970). Cortical lesions restricted
to the anterior suprasylvian gyrus, the cortical region known to
receive a projection from neck muscle afferents (Landgren and Silfvenius
1968), abolished the descending interactions in acute experiments
(Abrahams, 1970), but not in chronic experiments (Abrahams, 1972).
It has not been possible to demonstrate a monosynaptic reflex of any
significance in the dorsal muscles in the neck (Abrahams, Richmond
and Rose, 1975). While there is no doubt that the cervical afferents
are connected monosynaptically to neck motoneurons (Wilson and Maeda,
1974), the connection is synaptically weak and as previously mentioned
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aoes not seein capable of activating motoneurons. The understanding
of muscle spindle function that has been developed from the
study of the hind leg and the lumbosacral cord (cf Houk) thus cannot
apply in its entirety to the head movement system.
From the point of view of spinal motor organization there
may be four basic types of organization. The lumbosacral cord
contains those modifications most appropriate to a role in locomotion
(even in quadrupeds, the main force of fast locomotion is developed
by the hind legs). The thoracic cord contains those specializations
especially suited to the motor task of respiration. The lower
cervical cord must contain specializations that are unique to the
operation of the forelimb and the hand and the upper cervical cord
contains those specializations which fit it for the functional task
of head movement.
The functional organization of the cervical cord is based on
close relationships between neck muscle and trigeminal afferents.
The spinal tract of the trigeminal system has excited the curiosity
of physiologists for many years, mostly with respect to the perception
of pain (for reviews see Darian-Smith, 1973). But there have long
been suggestions that the spinal tract of the trigeminal nerve might
play a motor role (Kerr and Olafson, 196.1; Wall and Taub, 1962).
Our experiments leave us in no doubt that the spinal tract of the
trigeminal nerve must- play a major role in the control of head movement.
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Interneurons in the ventral horns of CI to Cb are activated at short
latency (2 msec or so) by electrical stimulation of the infraorbital
nerve, a branch of the trigeminal nerve, and this same stimulation
readily excites neck motoneurons (Abrahams, Anstee and Richmond, 1976).
The association between the trigeminal and neck motor system
is not confined to the upper cervical spinal cord. Neck muscle
primary afferents project to the caudal part of subnucleus caudalis
\
of the spinal nucleus of Y_ at lower medullary levels and there is
considerable convergence between neck muscle afferents and facial
afferents within the spinal nucleus of the trigeminal system at this
level (Abrahams and Richmond, 1975). It seems likely that the
spinal nucleus of V must play a role in the organization of head
movements, perhaps in the organization of aversion motor responses
to nociceptive facial stimuli. This kind of reflex could be expected
to parallel the flexor reflex of the limbs.
The Superior Colliculus and Head Movement
Two tracts take origin in the superior colliculus" and connect
with a minimum disynaptic linkage on to neck motoneurons. These are
the tectospinal tract (Altman and Carpenter, 1961; Nyberg-Hansen, 196b;
Petras, 1967; Kawamura et. al., 197b) and the tectoreticulospinal
system (A.nderson ,Yoshida and Wilson, 1971). The tectospinal system
is a largely crossed system with fibres terminating in the spinal cord
on interneurons in close proximity to neck motoneurons (Nyberg-Hansen, 196b).
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The tectoreticulospinal system projects to pontine and medullary
reticular nuclei and then activates reticulospinal neurons, some
of which connect monosynaptically with neck motoneurons (Anderson,
Yoshida and Wilson, 1971).
The existence of these descending spinal systems may explain
why electrical and chemical stimulation of the superior colliculus
so readily leads to head movement (Apter, 1946; Hess, Burgi and
Bucher, 194-6). What has not been generally recognized is the
extent to which the superior colliculus is a proprioceptive receiving
area, with substantial inputs from neck and extraocular muscle
afferents (Rose and Abrahams, 1975; Abrahams and Rose, 1975a) and
that the proprioceptive afferent systems can influence output to
the motor system of the head (Abrahams and Rose, 1975a). For some
time it has been apparent that extraocular muscles project to the
superior colliculus (Cooper, Daniel and Whitteridge, 1953; Fillenz,
1955), but it has only recently been demonstrated that by the use
of a simple index that this input may exceed input of retinal origin,
(Abrahams and Rose, 1975b). Neck muscle afferents are not the only
skeletal muscle projection and there is input from both hind and
forelimbs (Abrahams and Rose, 1975b). Tab}.e 2 is a "score sheet"
in which the relative efficacy of proprioceptive input to the
superior colliculus is matched against retinal afferent input. It can
be seen that it is the extraocular system, which supplies the largest
input with neck muscle afferents a close second.
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The cells of origin of the tectospinal system may be antidromically
activated from the upper cervical cord (Abrahams and Rose, 1975a).
Approximately 60% of all tectospinal cells so identified have been
found to be influenced by retinal and neck muscle afferents. Clearly
then, this is a supraspinal loop by which a great deal of sensory
information can be utilized to influence head movement.
The nature of the information reaching the superior colliculus
from extraocular muscles has now been examined in some detail (Rose
and Abrahams, 1975b; Abrahams and Anstee, 1977). When the eye was
passively moved nasally, a substantial population of units were
found which fired only when the eye was moved at saccadic velocity.
In the earlier investigation in which horizontal movements were examined
(Rose and Abrahams, 1975) a major population was found and analysed
that fired only when the eye was in transit past a fixed orbital
point at a saccadic velocity. A second population was also found in
these studies which responded to small eye movements regardless of
initial eye position.
In the more recent study (Abrahams and Anstee, 1977) the
technique of eye movement was improved to allow a wide range of
movements to be applied in both directions in both the horizontal
and the vertical plane." With this more readily controlled technique,
three classes of units were now found. A population of units was
now found in the superior colliculus which appeared to be sensitive
to very low tension, for they responded after the application of
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small forces to the eye and in some instances prior to that force
eliciting detectable eye movement (about 10). In the course of these
latter experiments the presence of a collicular loop was reaffirmed,
for it was found that a high percentage of the cells in the superior
colliculus activated by eye movements were cells of origin of the
tectospinal tract.
Much work remains to be done to elucidate the overall picture
of head motor physiology. The role of the cortex has received
scant attention (Landgren and Silfvenius, 1968), the cerebellum
some more (Berthoz and Llinas, 1974; Wilson, Maeda, Franck and
Shimazu, 1976). Our experience has been that wherever we turn
we find a new surprise - and huge information gaps, and yet the
head motor system is of the greatest importance. After all, how
does the monkey know where to put the manipulandum if It cannot
move its head to see the cue?
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Table 1.








Ocdpitoscapularis A 0.46 6 13.0
D{R) 0.93 15 16.1
D(L) 0.59 11 18.7
Splenius B 3.18 148 46.5
G 2.59 172 66.4
E 2.99 189 63.2
Biventer cervicis B 2.42 180 74.4
A 0.91 68 74.7
C 1.80 173 96.1
Complexus F 2.66 190 71.4
G 2.38 254 106.7
Rectus'capitis major A 0.62 30 48.4
B(L) 0.75 44 58.7
B (R) 0.62 38 61.3
C 0.68 57 83.8
Spindle index measured as spindles per gram.
Table: 2. Efficacy of visual and muscle afferent stimulation in eliciting unit clis
charges in the superior colliculus (this table includes data from Abrahams & Rose
1975)
Muscle afferent input A; K NJ.Nt KJK
Extraocular 93 CS . 91 0-73 1-34
Meek 145 107 124 0-74 M0
Eorelimb 106 77 93 0-73 1-21
Hind limb 72 54 51 0-75 0-95
Nt ~ total number of units.
Ny = visually excited.
Nm — muscle afferent excited.
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TECTOSPINAL AND TECTORETICULAR CELLS. A COMPARISON OF
THEIR DISTRIBUTION WITHIN THE SUPERIOR COLLICULUS AND THEIR AFFERENT CONNECTIONS






Short Title: Tectospinal and Tectoreticular Units








Experiments on chloralose anaesthetized cats have shown that
cells in the superior colliculus may be antidromically activated
either from the pontomedullary reticular formation or the ventral
cervical spinal cord, or from both sites. This has provided a
basis for differentiating between cells of origin of the tectospinal
tract and the tectoreticular system within the superior colliculus.
The distribution of the two cell populations within the superior
colliculus has been found to be dissimilar but a comparison of
some of their.afferent input shows no differences in the inputs
to the two cell populations. Afferent input to the superior
colliculus is often inhibitory, the inhibition being more commonly
observed in tectospinal cells than tectoreticular cells. Evidence
has also been obtained that the tectoreticular system, in part,
consists of collaterals of the tectospinal tract.
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Summary and Conclusions
1. A technique is described whereby cells of origin of the
tectospinal and tectoreticular systems may be identified within
the superior colliculus of cats anaesthetized with chloralose.
2. Cells of the tectospinal and tectoreticular systems were found
to be differentially distributed within the superior colliculus.
Tectospinal cells were unevenly distributed antero-posteriorly, with
most cells in mid-regions of the superior colliculus. In contrast
the antero-posterior distribution of tectoreticular cells was
relatively even. In general tectoreticular cells were found in
deep layers of the superior colliculus and underlying tegmentum,
but tectospinal cells were also commonly found in intermediate
layers.
3. Afferent connections to tectospinal and tectoreticular cells
from the retina and from neck muscle and extraocular muscle afferents
are numerically similar.
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4. Afferent stimuli can produce a strong inhibition which is more
commonly observed in tectospinal than tectoreticular cells and
which, in its duration, is a characteristic of the cell and not the
stimulus.
5. An examination of latencies of antidromic activation has provided




Neck motoneurons receive input from two descending systems
that take origin in the superior colliculus, the tectospinal tract
(TST) and the tectoreticulospinal pathway (4). The fibres of the
TST leave the brainstem without synaptic junction to terminate in
the ventral horn of upper cervical segments (15 16). Cells of
origin of the TST in the superior colliculus may therefore be
antidromically excited by electrical stimulation of the contralateral
ventral upper cervical cord (1). The tectoreticular (TR) fibres
have both an ipsilateral and a contralateral projection (10,:16) and
the initial course of TR fibres projecting contralaterally is thought
to be similar to that of TST fibres (.10, .16). Both TST and TR fibres
cross the midline ventral to the central gray matter. TST fibres,
together with those TR fibres which terminate in the contralateral
pontomedullary reticular formation, then travel in a midline region
ventral to the medial longitudinal bundle and close to the raphe nuclei
(10, 16).
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These anatomical arrangements suggest that stimulation in or
close to the medial longitudinal bundle in pontine regions should
antidromically excite axons of both TST and TR cells. This could
provide a basis for distinguishing between TST and TR cells in the
superior colliculus. Both pathways should be excited by midline pontine
stimulation, but only TST axons will also be excited by contralateral
upper cervical cord stimulation. This technique has in practice
proven reliable. With its aid a comparison has been made of the
density and distribution of TST and TR cells and axons within :the




Experiments were performed on 21 cats weighing from 2.4 to 3.8
Kg., anaesthetized with 60 mg/kg chloralose i.v. The methods used for
electrophysiological recording have been previously described (1, 2).
Both biventer cervicis C3 nerves (is) were prepared for stimulation.
One eye was enucleated in 15 experiments and the abducens (VI) nerve
and branches of the oculomotor (III) nerve prepared for stimulation.
In 9 cats, the trochlear (IV) nerve was also prepared for stimulation.
A CI to C4 laminectomy was performed in all experiments so that a
biopolar stimulating electrode (David Kopf, type SCE-100) could be introduced
into the spinal cord to antidromically excite the TST. Bone overlying
the cerebellum was also removed so that a bipolar stimulating electrode
could be introduced into pontomedullary reticular structures. Stimuli
to the neck and extraocular muscle nerves consisted of single rectangular
pulses 0.05 msec in duration. Because muscle afferent projections to
the superior colliculus are largely from smaller fibres (1, 2, 18), pulses
were usually 5 to 10 V in magnitude, although the nerve to the inferior
oblique muscle occasionally required voltages above this for excitation of
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collicular units. Stimulating current to brain and spinal structures was
regulated by a Tektronix type 2620 constant current unit with the electrode
core as cathode. Visual stimuli consisted of 2 msec light flashes
presented by a pre-focussed bulb subtending 2 degrees of arc, which could
be placed anywhere in the visual field (1). The eyes were protected with
contact lenses.
On completion of surgery, the animals were paralyzed with gallamine
triethiodide (Flaxedil, Poulenc) and then artificially ventilated. To
reduce respiratory movements, a bilateral pneumothorax was performed.
The temperature of the animal was continuously monitored and was maintained
between 37° and 39°C using a heated operating table. Extracellular unit
activity within the superior colliculus was recorded using stereotaxically
introduced tungsten microelectrodes selected from commercial stock (Haer,
type 25-10-3). Conventional amplification and display techniques were
used. In the initial experiments antidromically activated units in
the superior colliculus were identified while stimulating the contralateral
medial reticular formation once a second with a 500 pA 50 psec stimulus
pulse. In later experiments a TST unit was first found by stimulation of
the ventral cervical cord with a 500 pA stimulus. A second stimulating
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electrode was then introduced into the medial pons to a site from
which the same TST cell could be antidromically activated. In this way
the pontine location of the descending pathway was quickly established.
Once a suitable site was found the pontine electrode was kept in the
same area, and stimulation repeated once per second. The recording
electrode in the superior colliculus was then moved to locate new
antidromically activated units. This procedure greatly increased
the yield of units. At the end of each recording electrode penetration,
the deepest point was marked by a small lesion made by passing 50-100 yA
through the recording electrode for 1 to 2 seconds.
The criteria used to identify antidromic activation of cells in
the superior colliculus included short constant latency (not varying by
more than 10%), ability to follow paired stimuli at 2 to 5 msec intervals,
and fractionation of the antidromic potential into IS and SD spikes (5).
Positive potentials which were monophasic, or symmetrical biphasic
positive-negative were attributed to axons (5). Potentials attributed
to cell bodies had a distinct discontinuity of their negative wave and
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usually had a large late positive component that failed during repetitive
stimulation at a frequency of more than 20/sec (1, 5, 6).
Inhibition of TST and TR cells by afferent stimuli was examined
by determining the effectiveness of an orthodromic stimulus in preventing
antidromic invasion elicited by pontine or spinal stimulation. The
interval between conditioning and test stimuli was varied from 10 to
over 700 msec in 10 or 20 msec steps. At least 4 seconds was allowed
to elapse between each pair of conditioning-test stimuli.
At the end of each experiment the brain was perfused with
saline and then with 25% formaldehyde in saline. Serial 30p coronal
sections of the mesencephalon were cut on a freezing microtome to
locate microelectrode recording sites. The pons, medulla, and upper
cervical cord were cut in the sagittal plane to locate the placement
of stimulating electrodes-. All sections were stained for fibres and
cells(11). The location of each recording site was established with
respect to the lesion identifying the terminal point of each track. The
units in the superior colliculus were assigned to the major laminar
division previously described (1). Their locations were plotted on four
representative coronal sections of the midbrain.
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Results
As was to be expected from the anatomy it was possible to find
2 populations of units within the superior colliculus, one of which
fulfilled the criteria for TST cells, the other fulfilling the criteria
for TR cells. TST cells alone were antidromically excited by stimulation
of the contralateral ventromedial upper cervical cord, but both TR
and TST cells could be antidromically excited by stimulation in contralateral
medial pontomedullary structures. One hundred and eleven units were
found in the superior colliculus and underlying tegmentum which could
be antidromically excited by stimulation in pontomedullary structures.
Fifty-two of these units could also be antidromically excited from the
upper cervical cord and fulfilled the criteria for TST cells. Thirteen
units were found which could be antidromically excited from spinal
cord stimulation but not from pontine stimulation. These were regarded
as TST cells with axons some distance removed from the reticular stimulating
electrode. The remaining 46 units were positively identified as TR units.
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Latency of TST and TR Units
Figure 1 is a histogram of the latencies of TST and TR unit
discharge following pontomedullary stimulation. It can be seen that
TR units had latencies varying from 0.2 to 4.9 msec but the distribution
was skewed so that although the median latency was 0.7 msec, the mean
latency was 1.14 msec. TST unit latencies were not skewed in their
distribution and their latencies ranged from 0.2 to 1.5 msec with a
median of 0.5 msec and a mean of 0.59 msec. The skewing seen in TR
latencies is due to the fact that the system contains substantial numbers
of slow fibres with latencies in the range of 1 to 4.2 msec. Unlike TR
axons, TST axons form a relatively homogeneous fast fibre tract. No
relationship could be found in the distribution of TR units within
the superior colliculus on the basis of axon size. Twenty-four TR units
could be excited by stimulation of medial pontine structures and of these,
16 (67%) had latencies of less than or equal to 1.0 msec. Of the 35 TR
units that were excited by stimulation of more lateral sites, 17 (49%)
had latencies of less than or equal'to 1.0 msec suggesting that more
rapidly conducting TR axons travel medially in the pons.
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When recording from antidromically activated TST units, it
is to be expected that the conduction time from the reticular stimulation
to the superior colliculus should be related to the conduction time
from the spinal cord to the reticular formation in a way that reflects
the difference in conduction distances. In Figure 2 expected conduction
times have been plotted together with the actual conduction times of
the 52 TST units examined. Measurements based on the positions of
stimulating and recording electrodes showed that the distance from the
spinal stimulation site to the reticular site was approximately 19 mm
and from this site to the superior colliculus approximately 21 mm. Only
a few points fall on the line predicted by these measurements. When
a generous estimate is made for errors in distance measurement and for
the possibility of inconstant conduction velocity, an envelope can be
constructed (limits indicated by lines B and C in Figure 4). Many data
points still lie outside this envelope.
The proportion of aberrant points was related to the distance of
the reticular stimulating electrode from the midline (Table 1). Close to
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the midline, 1 of 15 units had a conduction time from the spinal cord
to the reticular formation below reasonable limits, and 8 had conduction
times which were unexpectedly long. Between 1.2 and 1.9 mm from the
midline 13 of 19 units now had unexpectedly short latencies, and 3
of the 19 had unexpectedly long latencies. Overall, only 15 of the 52
units fell within the anticipated limits. The most likely explanation
of these data is that a significant proportion of the axons of the TST
that are stimulated from reticular sites are not the same as those
stimulated from the spinal cord, but are collaterals with a different
conduction velocity.
Distribution of Tectoreticular and Tectospinal Neurons and Axons Within
the Superior Colliculus
The distribution of antidromically excited units within the
superior colliculus is shown in Figure 3. In constructing this figure,
a distinction has been made between potentials believed to be of axonal
origin and those believed to be due to cell bodies. Axonal potentials
in the superior colliculus were, as expected, largely confined to medial
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and deep brain stem regions just lateral to the central grey. Confirming
previous studies, (1, 4, 12) the cells of origin are both the TST and
TR were found to be widely distributed throughout the intermediate and
deep layers of the superior colliculus and underlying tegmentum,
although an occasional TST cell was found in superficial layers. Because
of the presence of the bony tentorium, exploration of the superior
colliculus tended to concentrate on more lateral regions. Thus, the
lateral concentration of antidromically excited units in Figure 3 may
not be entirely due to a reduced number of cells in more medial areas
but to the small number of penetrations in more medial areas.
TR and TST cells are not uniformly distributed throughout the
superior colliculus and there are differences in their distribution
in the various laminae of the superior colliculus and in anterior and
posterior regions (Tables 1 and 2). It can be seen that TR cells are
more commonly located in the deep layers of the superior colliculus and
the tegmentum than are TST cells. Sixty-five percent of TR cells were
found in the deep layers of the superior colliculus but only 43% of
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TST cells were in these layers (significant at the .05% level, y2 test).
TST cells are largely confined to the mid-region of the superior
colliculus and those TST cells in anterior regions were in the deep
layers. In consequence, all TST and TR cells in anterior regions are
in the deep layers and underlying tegmentum.
Anatomical Localization of TR and TST Axons in the Pons and Medulla
Some idea of the course followed by TR and TST axons was
obtained by plotting the points where the minimum stimulus strength
set up antidromic potentials in the superior colliculus. Ninety-four
of the 111 ponto-medullary sites which excited superior colliculus
units were situated dorsally, close to the midline in or close to the
medial longitudinal bundle and neighbouring reticular structures.
The 94 units excited from these sites were almost exactly divided
between the two systems and 46 fulfilled the criteria for TST units
and 48 fulfilled the criteria for TR units. The stimulus sites
excited by both these systems overlapped almost completely.
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Seventeen pontine stimulus sites were well removed from the
medial longitudinal bundle, mostly located ventrally. Anteriorly these
sites were in or close to the tegmental reticular nucleus and posteriorly
close to the nucleus of the trapezoid body. Eleven of these latter
sites activated TR units, and 6, TST units. No evidence was found that
axons projecting to more ventral structures took origin in any particular
region of the superior colliculus and units antidromically excited from
these regions were widely distributed throughout the superior colliculus.
Retinal, Neck and Extraocular Muscle Afferent Projections to TST and
TR Cells
We have previously described projections to cells of origin of
the TST from neck muscle and extraocular muscle afferents as well as
from the retina (1). TR units in the superior colliculus are very similar
to TST units in having a multiplicity of afferent inputs (Table 3).
Although some differences in sensory input may seem to exist between
TST and TR units, statistical analysis with the x2 test fails to support
this supposition. About 1/3 of the TR units identified in the present
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experiments were found to receive input from the neck muscle, biventer
cervicis and also to receive input from extraocular muscles. Retinal,
extraocular and neck muscle afferents frequently converged onto single
TR and TST units and slightly over one-half of the orthodromically
excitable cells were excited by all three projections (11/19 TST;
7/13 TR). The neck muscle afferent projection to TR, like that previously
described to TST was usually bilateral (15/18 TST; 11/15 TR) and the
extraocular muscle afferent projection almost always originated from
both the lateral rectus and superior oblique muscles (14/14 TST; 6/8 TR).
The inferior oblique nerve stimulation was less effective than other
extraocular muscle afferents and only excited a total of 10 TR and TST
units. Ten of 29 TST units and 18 of 31 TR units did not have convergent
input and were excited by either retinal or muscle afferents but not by
both.
The firing patterns of both TST and TR cells following stimulation
of neck and extraocular muscle afferents were similar to those reported
previously for units in the superior colliculus (1, 2). Both TST and TR
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neurons either fired at a short latency (less than 40 msec, median
20-30 msec) at a long latency (50-140 msec, median 70-90 msec) or at
both a short and long latency. The frequency with which these firing
patterns were encountered was similar for both TR and TST neurons and
as previously reported, (1), short latency responses were especially
frequent as a result of stimulation of extraocular muscle afferents.
All TR (9/9) and most TST (11/14) cells had latencies of less than
30 msec following stimulation of extraocular muscle afferents. The
shortest latency observed was 8 msec for a TST cell which was excited
from lateral rectus muscle afferents. The majority of TST (11/18) and
TR(9/14) cells fired within 30 msec of neck muscle afferent stimulation.
We have previously shown that TR axons have a wide range of
conduction velocities. No differences could be found in the sensory
input to those cells based on their axonal conduction velocities.
For example, retinal and extraocular and neck muscle afferent projections
to TR neurons with an antidromic latency greater than 1.0 msec were
similar to those of TR neurons with an antidromic latency less than or
equal to 1.0 msec.
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Inhibition of TR and TST Neurons
Most studies of projections.to the superior colliculus have
been concerned with the excitatory effects of such stimuli. These
projections also have strong inhibitory actions and failure of the
antidromic action potential to invade TR and TST cells often followed
prior retinal, extraocular muscle, or neck muscle afferent stimulation
(Figure 4). The onset of the inhibition was characterised by either
a failure of invasion (Figure 4E), a marked reduction in the SD spike
so that only a small IS spike was seen, or an increase in the duration
of the antidromic action potential and a marked inflexion on the negative
potential. These latter effects are attributed to a failure or slowing
of the soma-dendritic invasion. There followed a period in which no
antidromic potential could be elicited (Figure 4F). At the end of this
period of complete inhibition a small negative potential (IS spike)
usually returned, followed then after a further short interval by
an abrupt increase in size of the spike. When an antidromic potential
was tested which was positive-negative biphasic or positive monophasic
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no inhibition could be obtained. This is consistent with the view that
such potentials originate in axons. Units exhibiting the properties
of axons have not been considered in evaluating the frequency with which
inhibition was observed.
Inhibition following orthodromic stimulation was most evident
in TST units. Stimulation of extraocular or neck muscle afferents
led to inhibition of almost all TST neurons tested but only approximately
one-third of the TR neurons (Table 4).
Inhibition was independent of axon size and was present in TR cells
with latencies ranging from 0.4 to > 2.0 msec. Retinal stimulation was
also more effective in inhibiting TST cells than TR cells. These
differences between TR and TST neurons are highly significant and the
X2 showed significance at the 5% level. All TST (13/13) and most
TR (9/10) cells tested that showed inhibition were inhibited by at least
2 groups of afferents and 11 of 13 TST and 6 of 10 TR cells were
inhibited by neck and extraocular muscle afferents and by visual stimuli.
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There was a large variation in the duration of the inhibition
in different cells. Some cells were inhibited for only brief periods,
usually less than 20 msec while others were inhibited for prolonged
periods of up to 600 msec. The duration of the inhibition was not
related to the source of the input or whether the neuron belonged to
the TST or TR system, but was a characteristic of the individual cell.
Inhibition tended to be of the same duration regardless of the nature
of the afferent stimulus which provoked inhibition. For example, the
duration of the inhibitory period of a TST neuron following a brief flash
of light was 450 msec. The same neuron was inhibited for 550 msec by
stimulation of afferents from either the ipsilateral or contralateral
biventer cervicis muscle, for 4-50 msec by stimulation of afferents from
the lateral rectus muscle, and for 400 msec by stimulation of afferents
from the superior oblique muscle.
Like the inhibition itself, the time of onset of inhibition also
appeared to be more characteristic of a given unit than to the nature
of the stimulus employed to produce the inhibition. This is shown in
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Figure 5 in which data obtained from 10 TST and 6 TR neurons is
plotted. All units in this group were inhibited by both neck muscle
and extraocular muscle afferents. Each point in the plot was obtained
by plotting the latency of inhibition following neck muscle afferent
stimulation against the latency of inhibition following extraocular
muscle afferent stimulation. Most of the points lie along the 45° line
that represents equal onset times. Similar results could be obtained
by plotting data for any 2 stimuli. Inhibition combined with excitation
was most commonly seen while recording from TST cells. TR cells were
usually either excited or inhibited by an afferent input and combined
excitation and inhibition were rarely seen in TR cells. V?hen a combination
of effects was obtained from either TST or TR cells, excitation almost
always preceded inhibition regardless of the source of the input (39 of
45 tests for TST neurons and 7 of 7 tests for TR neurons). Excitation
preceded the inhibition by 20-120 msec and only occasionally did the
inhibition commence immediately after excitation.
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Discussion
Anatomical accounts of descending projections from the superior
colliculus suggest that there are two major outputs directed to the
contralateral brainstem. The majority of fibres from the superior colliculus
terminate in reticular and raphe nuclei (10), but a small number of fibres
which travel in or close to the medial longitudinal fasciculus to form
the tectospinal system, and continue on to the spinal cord. The existence
of two descending projections from the superior colliculus to motoneurons
of the upper cervical cord was demonstrated physiologically by Anderson et. al.
(4). In those experiments it was found that the TST has synaptic actions
on neck muscle motoneurons that are much weaker than those exerted by
a pathway with a reticular synapse, the tectoreticulospinal system.
In the present experiments we have confirmed the existence of two
separate populations of output cells in the superior colliculus by antidromic
excitation. However, the antidromic latency characteristics of a large
percentage of these neurons excited from both regions suggests that within
these two populations there exists a third population in which tectospinal
and tectoreticular axons both take origin from the same cell.
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To understand the arguments for this, it is necessary to refer to
Fig. 2. In constructing this figure, the assumption was made that the
overall conduction distance from spinal cord to superior colliculus was
40 mm. If the conduction velocity in each TST axon was constant and
the distance estimates correct, all points should lie on line A, with
their precise position determined by the conduction velocity of indivi¬
dual axons. The lines B and C in Fig. 2 are the limits to be expected
if there were errors of distance measurement of + 10% (that is either
an over-estimate or under-estimate of 4 mm). Even allowing for such a
error, 37 of 52 units (71%) lie outside these limits. There are several
factors that could contribute to this. The measurement error could be
greater than allowed for, or there could be additional sources of error.
For example the assumption that conduction velocity along the axon is
constant may not be valid. Lloyd (13), showed that Group I fibres enter¬
ing the dorsal columns have a slowed conduction velocity and Clough,
Kernall, and Phillips (7) showed a 25% slowing of conduction velocity
in the proximal portion of axons of the brachial plexus of the baboon.
However, no sources of error that we have considered can explain the many
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points that lie below the envelope in Fig. 4. We have previously shown
that the tectospinal fibres have a wide spectrum of conduction velocities,
ranging from 11-125 msec with a mean of 54 msec (1). Assuming a conduc¬
tion distance from the spinal stimulation site to the reticular stimula¬
tion site of 2 cm, this would give an expected range of conduction times
to the reticular site of 0.16 to 1.82 msec. It is unlikely that the lower
conduction time can be substantially reduced, for the lower latency already
represents a conduction velocity of 125 rn/sec. The data in Fig. 2 shows
that if the same axons are stimulated at both reticular and spinal sites
then a substantial number of axons have a calculated conduction time from
the spinal cord to the reticular nuclei of 0.1 msec or less, correspond¬
ing to conduction velocities in excess of 200 m/sec. While there might
be a few fibres with such extremely high velocities, the. most likely
explanation of the points that lie below the envelopes in Fig. 4 is that
the initial assumption in constructing the figure was incorrect. The
data are more readily explained if spinal stimulation excites one TST
axon branch and reticular stimulation another, and that these two branches
have substantially different conduction velocities.
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Degeneration following collicular lesions has been reported in the
medial longitudinal fasciculus at pontine levels (3, 10, 16) and it is to
be expected that this is where the bulk of TST fibres lie. If, however,
all TST fibres and their collaterals are in the medial longitudinal
fasciculus at pontine levels, great difficulty would be experienced in
explaining the present data. If two branches of the TST, one fast
and one slow, lie close together in the medial longitudinal fasciculus,
it is to be expected that the fastest fibre would have a lower threshold
to electrical stimulation and thus be activated prior to the slower. The
measured latency of antidromic excitation in the superior colliculus
from stimulation in the medial longitudinal fasciculus would then be
due to conduction in the faster fibre. Thus it seems likely that the two
branches were separated by some distance at the pontine stimulating level.
This possibility is supported by the incidence of aberrant latencies when
stimulating in the pons at various distances from the midline. When the
stimulating electrode was more than 1.2 mm from the midline the majority
of TST axons were found to have unexpectedly low conduction times to the
superior colliculus. This data is consistent with the view that small collaterals
J82-6
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separate from the TST early, perhaps just caudal to their decussation and
these small collaterals travel somewhat lateral to the medial longitudinal
fasciculus.
Such a laterally placed collateral could form part of the collicular
projection to paramedian pontine regions. Since cells in this area are
concerned with eye movement (8, 9) these branched TST axons may be part of a
substrate for the coactivation of head and eye movement. The presence of
substantial numbers of tectospinal branches occupying a lateral position
in the pons might explain the experimental data of Anderson et. al., (4)
which led to their conclusion TST has only a minor synaptic effect on neck
motoneurons. Anderson et. al., (4) examined the effects of stimulation of
the superior colliculus on synaptic potentials recorded in neck motoneurons
in cats before and after midline medullary cuts. When such cuts were made
in two cats low in the medulla, they "had no consistent effects on the amplitude
of contralateral EPSP's. In some cells EPSP amplitudes after the cuts were
smaller and more variable than usual". In two experiments when cuts were
made high in the medulla, EPSP's were substantially reduced and delayed.
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Since Anderson et. al., (4) believed their caudal lesion to interrupt
the tectospinal system, the obvious inference was that the tectospinal system
had only small effects on neck motoneurons. It can be seen that an
alternative explanation for the data now exists if branching of TST fibres
is widespread; that is that a significant number of TST axons may give
rise to branches which lie more laterally than has been assumed from
anatomical experiment and were not interrupted by the low medullary cuts
of Anderson et. al. (4).
The locations of both TR and TST cells found in these experiments
re-emphasize the fact that output from the superior colliculus arises
both from intermediate as well as deep layers (10, 14). The differences
in the distribution of TST and TR cells within the superior colliculus
may mean that, given the organization of sensory input to the superior
colliculus (19, 20) that there are differences in the intrinsic content
of sensory information leading to output in the two systems.
It remains to be seen in more precise terms what are the differences
and similarities in sensory input, not only to TST and TR cells, but
also to collateralized TST cells, and indeed it would be of great interest
J82-6
-29-
to determine the connections of reticular cells excited by these collaterals,
for they must be directly related in some way to the head motor system.
The presence of powerful inhibitory connections to cells of origin
of the TST in particular would suggest a difference in intrinsic collicular
connections between the TR and TST. Because inhibition is unrelated to
the stimulus modality used, but is a function of the cell itself it is
likely due to some form of recurrent inhibition. The fact that inhibition
is most marked in TST neurones suggests that the inhibition is functionally
related to the role of the TST in head movement. Perhaps the TST subserves
a particular role in the initiation of head movement rather than in the
execution of a movement, once initiated.
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TABLE 1
Incidence of aberrant conduction times from spinal cord to
reticular formation in TST units, related to different penetration sites.
Relationship of Stimulating Sites to Midline
Latency Difference Total No. M to 0.3mm 0.3 to 1.2 1.2 to 1.9 1.9 to 2.9
TST Units
Less than anticipated 2h 1 5 13 • 5
Within anticipated limits 15 6 4 3 2
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FIGURE 1: Latency histogram for TST and TR ( )




FIGURE 2 Plot to examine the relationship of conduction times in two
segments of TST axons. Conduction time from reticular
stimulating site to the superior colliculus has been plotted
against the conduction time from the spinal cord to the
reticular nuclei for each TST cell examined. The diagram
on the right shows the arrangement of the stimulating and
recording electrodes. Line A is where all the points would
be expected to fall if the overall conduction distance from
spinal cord to superior colliculus was 40 mm. The envelope
formed by lines B and C allows for distance measurement
errors of about + 25% (see discussion).
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FIGURE 3: Location of TST and TR cells and axons within the superior
colliculus and underlying structures. Caudalmost sections
at top of diagram.
Cell bodies - © axons - A
I
FIGURE 4 : Inhibition of antidromic invasion of cells in the
superior colliculus provoked by orthodromic sensory
stimuli. A. TST cell antidromically activated from
reticular stimulation (early potential) and spinal
cord (late potential). B. 2 superimposed responses
of the same unit to pairs of spinal stimulation at
2 msec intervals. Note loss of SD response in one
late stimulus. C. Same cell as A £ B. Superimposed
sweeps at 4 sec. intervals; cell antidromically activated
by a stimulus, delayed by additional 10 msec in each sweep.
D. Same cell orthodromically activated by stimulation
of nerve to superior oblique nerve. E. Antidromic
stimuli as in C combined with orthodromic stimuli as in
D. F. Superimposed fast sweeps showing normal antidromic
potential and inhibition produced by superior oblique
stimulation 100 msec prior to antidromic stimulation.
0.4msec
1.0msec
FIGURE 5: Plot to compare the latency of inhibition in msec in
individual TR £ TST cells to two different sensory stimuli.
Open circles, TST cells; triangles, TR cells. Ipsi BC,
stimulation of biventer cervicis nerve ipsilateral to
recording microelectrode. SO, stimulation of nerve to
superior oblique.
so
